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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THEORETICAL PERFORMANCE OF LIQUID AMMONIA WITH LIQUID OXYGEN
AS A ROCKET PROPELLANT

By Sanford Gordon and Alsn R. Glueck

SUMMARY

Theoretical rocket performance for both equilibrium and frozen com-
position during expansion was calculated for the propellant combination
1iquid ammonia with liquid oxygen at two chamber pressures (300 and 600
1b/sq in. abs) and a wide range of pressure ratios (1 to 1500) and

oxidant-fuel ratios (0.564 to 7.046). Data are given to estimate per-
formance parameters at chamber pressures other than 300 and 600 pounds
per square inch gbsolute. The parameters included are specific impulse,
specific impulse in vacuum, combustion-chanber temperature, nozzle-exit
temperature, molecular weight, molecular-weight derivatives, character-
istic velocity, coefficient of thrust, ratio of nozzle-exit ares to throat
area, specific heat at constant pressure, isemtropic exponent, viscosity,
thermal conductivity, Mach number, and equilibrium gas compositions.

The maximum value of specific impulse for a chamber pressure of 600
pounds per square inch and an exit pressure of 1 atmosphere (pressure
ratio, 40.827) is 278.7 and 269.3 assuming equilibrium and frozen compo-
sition, respectively.

INTRODUCTION

The performance of ammonis and oxygen as a rocket propellant has
been reported in the literature (e.g., refs. 1 to 3). However, additional
performance calculations based on the latest thermodynamic data are needed
for s wider range of conditions than were heretofore availaeble. Calcu-
lations were therefore made gt the NACA lewls laboratory to provide
rocket performance date for liquid ammonia and liguid oxygen for the
following conditions:

(1) Bquilibrium end frozen composition during expansion

(2) Two chamber pressures (300 and 600 1b/sq in. &bs)
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(3) A wide range of oxidant-fuel weight ratios (0.564 to 7.046)

(4) A wide range of pressure ratio (1 to 1500)

Data are given to permit estimstes of performance parameters at chamber
pressures other than 300 and 600 pounds per:square inch absolute.

Trac

function of force constant s/k and temperature T

SYMBOLS
nozzle area, sgq in.
number of formula weights (defined as A in ref. 4)
local velocity of sound, ft/sec
coefficient of thrust; Cp = ch/c% = F/P_A,
molar specific heat at constant pfggéuré, cal/(mole) (°K)
specific heat at constant pressure, (Bh/BT)p, cal/(g) (°K)
specific heat.at constant volume, cal/(g) (°K)

characteristic velocity, g P A /w, ft/sec

thrust, 1b

gravitational conversion factor,
32.174 (1b mass/1b force)(ft/sec?)

sum of sensible enthalpy and chemical energy abt temperature T,
cal/mole

sum df sensible enthalpy and chemicsal energy per unit mess,

LXi (E%) i) cal/g

M

specific impulse with amblent and exit pressures equal,
. (1b force)(sec)/1b mass

specific impulse in vecuum, (1b force)(sec)/lb mass

¢coefficient of thermal conductivity, cal/(sec)(cm)(°K)
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Mach nunmber

molecular weight, :;:Xiﬂai’ g/g-mole or 1b/ib-mole

* 3
characteristic-velocity exponent, %}%%-%—' and $ lﬁ § for
C c

frozen and equilibrium composition, respectively

specific-impulse expongnt for fixed pressure ratio,
Aln T ( in T ) .
—_— and for frozen and equilibrium
(A In Fe/p./p 31n Po/p,/p

composition, respectively

tempersture exponent for fixed pressure ratio, (2%%%%%}) /
c/Pe/P
and oin T for frozen and equilibrium composition,
alnPcP/P
' c
respectively

area-ratio exponent for fixed pressure ratio, (QL}ELE—)
AlnPcP/P
dln ¢ ) ¢

and ( for frozen and equilibrium composition,
o In P,

P./P
respectively

oxldant-fuel weight ratio

static pressure (sum of pertial pressures), lb/sq in.
partisl pressure, lb/sq in.

heat of formation or dissbciation

equivalence ratio, ratio of two times the number of oxygen atoms
to the number of hydrogen atoms, 2(0)/(H)

. universal gas constant (consistent units)

entropy at e pressure of 1 atm, cal/(mole)(°k)

Z X5 [(s%)i -2 1n(pi/14.696)]
entropy per unit mass, —-

cal/(g) (°%) A




4
T temperature, °x
v velocity, £t/sec
v specific volume
W mass-flow rate, 1b/sec
X mole frection
T isentropic exponent, (Q_lE;E)
d1ln p s
€ ratio of nozzle area to throat area
e/k force constant for viscosity calculation
M sbsolute viscosity, g/(cm)(sec) or polses
P -density, 1b/cu in.
a collision diameter for wviscosity calculation
9(2’2)* functlon of force constant ¢/k and temperature
Subscript;:
c - combustion chamber
e nozzle exit
i product of cowbustion
inj inJjector '
PC/P ﬂéonstant_pressure ratio
P constant pressure
s constant entropy
T _ constant temperature
t nozzle throst
1 reference point

NACA RM ES8AZ1
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Superscript:

e} thermodynamic standard reference state

CALCULATION OF PERFORMANCE DATA

Performance dats were obtained for liquid ammonia with liquid oxygen
for two chamber pressures over a wide range of oxidant-fuel ratios and
pressure ratios assuming both equilibrium and frozen compositlon during
expansion.

The computations were carried out by the method of reference 4 with
modifications to adapt it for use with an IBM 650 Magnetic Drum Data-
Processing Machine. The machine was operated with floatling-decimal-point
notation and eight significant figures. The successive-gpproximation
process used in the calculations was continued until seven-figure accuracy
was reached in the desired values of the assigned parsmeters (mass balance,
pressure, and enthalpy or entropy).

Assumptions

The calculestions were based on the following usual assumptions:
perfect gas law, adisbatic combustion at constant pressure, isentropic
expansion, no friction, homogeneous mixing, and one-dimensional flow.
The products of combustion were assumed to be the following ideal gases:
atomic hydrogen H, hydrogen Hp, water HpO, atomic nitrogen N, nitrogen

No, nitric oxide NO, atomic oxygen O, oxygen Oz, and the hydroxyl radical
OH.

Initiael Data

Thermodynamic data. - The ideal gas thermodynamic properties for
atomic hydrogen, hydrogen, atomic nitrogen, nitrogen, atomic oxygen,
and oxygen were taken from reference 5. Data for water are also given
in reference 5; however, the same dats are given to more decimal places
in reference 6, and therefore reference 6 data were used. Nitric oxide
thermodynamic properties were taken from reference 7, and the hydroxyl
radical date were taken from reference 8. The values of entropy used in
the present report do not include nuclear spin.

Heats of formstion or dissociation. - The heats of formation or dis-
sociation for the six molecules considered in this report are given in the

following taple:
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Reaction Heat of formatioanemperature Reference
(ell substances | or dissociation, |of reaction,
in gas phase) Q oK
em~l [ecal/mole

Q + Hy, -+ 2H 36,116 103,263 0 9
Q + Ny » 2N 878,747| 225,154 0 10
Q + 05, = 20 41,260 117,971 0] 11
Hs + %02->H20 + Q) = —mmm- 57,797.9 298.16 iz
Q + 2N, + 20, NO| ~--mnmnmm 21,600| 298.16 12
Q + OH+0 + H 37,340.25| 106,764 0 13

®The value of 78,747 cm~1 for No was obtained from the dif-
ference in the predissociation limit in ¢3IIu of N,

(97,970 cm-1) and the 2D term of N (19,223 cm-1) given
in reference 10.

Where values are given in cm'l, the conversion factor used was

1 cm-l = 2.8592L cal/mole, calculated from data given in reference 14.
The base used in this report for assigning sbsolute values to enthalpy is
“the same as in reference 4. . . -

Viscosity data. - Viscoslty data are needed for heab-btramsfer calcu-
lations; however, accurate data for gases at high temperstures are un-
available in the litersture. Theoretical consideretions of force fields
lead to theoreticel expressions for viscosilty that fit available experi-
mental data fairly well and therefore provide a basis upon which experi-
mental dete may be extrapolated into the higher temperature regions.
However, the extrapolated data must be considered only as estimates.

The derivations of various theoretical equations for viscosity are
treated in detall in references 15 and 16, The use of these equations
to obtain a refined numerical calculation of viscosity involves the selec-
tion of a force-field potentisl and considerable numerical work. Much of
this numerical work can be saved by using tables of collision integrals
such as those based on the Lennard-Jones 6-12 potential and the following

equation (ref. 16):
266.93 /AT £{k)
¥E4
—2o(2,2)

(1)

px107 =

#*
The parameters Q(Z,Z) and f&k) sre tebulated in reference 16 as
functions of the force constant &/k and temperature T.
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The force constants &/k and ¢ for Hy, Oz, Nz, NO, and H were
taken from the literature or calculated from experimentel viscosity dats.
No experimental viscosity data were found for N, O, and OH. Values of o
for N and O were estimated from data in reference 17. The value of ¢
for OH was estimated from

%om = % + %g (2)

The velues of e/k for N, O, and OH were estimated as follows:

(e /x)y (e/k)q B (e/k)m

/Ry, ~ Te/Klo, ~ Te/Ely,

(3)

and

(e/k) oy = A (e/x)o(e/K)y | (4)

3
Water is a polar molecule, and therefore the 9(2’2) values based
on the ILennard-Jones 6-12 potential asre not very satlisfactory for calcu-
lating the viscosity of water. The following equations from reference 18
were used to calculate the viscosity of water up to 1500° K:

ux107 = 3.61T - 102 (T< 865° K) (5)

px107 = 395,775/ (865° K< T=<1500° K) (6)
3315 - T + 0.001158T2

Equetion (6) is not satisfactory for high temperatures, since it reaches
a maximum at about 2500° K after which it gives values of viscosity thet
décrease wilth temperature. In order to have a means of extrapolating to
higher temperatures, values of ¢ and s/k were calculeted to be used
in estimating viscosity sbove 1500° K by meens of equation (1).

The force constants selected are summarized in the following table:-
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Substance a, e/k, Reference
o CK
A
H 2.551 89.3 819
Hy 2.775 70.2 85
Ho0 b3.031 | P302.2 818
N 3.355 93.0 17
N 3.718 73.1 5
NO 3.593 94.3 820
o] 3.088 127.2 C17
Oz 3.499 | 100.0 5
OH 2.820 | 106.6 (d)

8calculated from data in reference given.

PTo be used for T > 1500° K.

Co estimated from date in reference given,

dc estimated by means of eq.

e/k by means of eq. (4).

and &/k estimated by means of eq. (3).
(2), and

Physical and thermochemicael datas. - Several physical and thermo-

chemical propertles of the propellants are listed in teble I.

Additlonal

properties of ammonis may be found in references such as 21 and 22, and

properties of oxygen may be found in reference a3.

Formulas

The formulaes used in computing the vérious performance parameters

are as follows:

Specific impulse with ambient and exit préssures equal, (1b force)(sec)/

1b mass:

[Fe -~ Be
I = 294.98 -jib—oo—

‘Specific impulsé in vacuum, (1b force)(sec)/lb mass:

Tige =1+ PG%)

Nozzle area per unit mass-flow rate,_(sq_in.)(sgg)/lb:

A _ 86.4554T
v DT

(7)
(8)

(9)

[afatat 8

n
I |

jl Iilir

W
'

i
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Throat ares per unit mess-flow rate, (sq in.)(sec)/lb:
Ay  278L.6Ty

w - Py Zta (10)

This equation is derived from the continuity equation and the fact that
velocity of flow equals velocity of sound at the throat..

Velocity of sound, ft/sec:

oP alnP dlnP
1/ ,,/ lnp _29916 )(r_lnps (11)

Characteristic velocity, ft/sec:

= g.P, % = 32.174F, %’5— (12)

Coefficient of thrust:

8L z2.1741

Op =% = T oF (15)

Ratic of nozzle area to throat area:

= Alw
awe (14)

Partisl derivetives. - The derivatives of the fundamental thermody-
pnamic quentities have many useful applications. Equations (29) to (32)
are examples of these applications.

A1l the relations between first derivatives may be expressed in terms
of three arbitrsry first derivatives in addition to the fundamental quan-
tities. The three derivatives selected for this report are (ah/BT) = Cps

(3 In.4d 1n T)p, and (3 1o 43 1o P)g. Specific heat cp is needsd in

heat-transfer calculations, and the other two derivatives are a useful
indication of the extent of dissociation.

These derivatives were obtained by means of the following equations:

d 1ln
° = E4T 291(38) ( = ii *"h@%)p * TEPi(Cg)i (15)
i
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a ln/l)r _f—@_]lﬁ_!’_;) -1 : (16) ]

- .

d In M4 al.sa!
(5 o T/ (5 1?111 (17)

where (3 1n p;/d 1n T)p, (3 1o o3 1n 1), and (d 1n py/d Indf)p are é

found by matrix methods similer to those described for obtaining
(3 1n py/d In T)y in reference 4, and wheré & 1is A in reference 4.

Reference 24 presents a convenient scheme for expressing all first
derivetives in terms of (3v/dT)y, (3v/0P)q, and (Ob/dT)y, = cp. In order

to meke use of the tables in reference 24, (BV/BT)P and (0v/oP)p can be
obtained from the derivatives given in this report by means of the follow-

ing equations:
&), - - #[324), - | o

&), - - 5[G3=4), 1] S

With the aid of the tables in reference 24 and equations (18) and
(19), other first derivatives can be expressed in terms of Cps

(o 1n,473 ln T)p, end (3 In.4/d 1n P)p. As an example,

B8 ot
npe/g cp[} + (%_%%g% ] _j%[ a lnaﬂzgrz

When composition is frozen, -

() - (if) - 8

and

S =
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, Viscosity of mixtures. - Viscosities of multicomponent mixtures cal-
culated by rigorous methods (refs. 16 and 25) show excellent agreement
with experimental date. However, these calculations involve considerable
effort and become increassingly more difficult with increasing number of
components. A simpler technique, but one that still involves considerable
calculations, is given in reference 26.

The following equation, based ou averaging kinematic viscosities,
gives spproximate results that are often sufficiently accurate for engi-~

neering purposes:
A
Hysky

i

The equation appears adequate until better high-temperature data for
the individual components become available.

Conductivity. - Thermal conductivities as well as viscosities are
needed in hesgt-transfer calculations. However, experimental conductivity
data are generally even less avallgble than experimental viscosities.
Therefore, the Eucken relationship,

k=u(cp+i-j7?) (24)

which often gives satisfactory values of conductivity for individusl com-
ponents, is used in this report to estimate the conductivity of gaseous
mixtures.

THEORETICAL: PERFORMANCE DATA
Tebles

The calculgted values of the various performence parameters for com-
bustion pressures of 300 and 600 pounds per square inch absolute and for
a range of equivalence ratios and exit conditions are given in tables II
to V. Teble IT presents performance deta at assigned pressure ratios
from 1 to 1500 for equivalence ratios from 0.40 to 5.00 (oxidant-fuel
welght ratios from 0.564 to 7.046). Properties at the throat may be
found where € = 1.00. Table IIT gives various thermodynamic partiasl
derivatives. Equilibrium composition in the combustion chamber and at
the assigned exit condltions is given in table IV. Characteristic veloc-
ity and summary of the performence parasmeters at an exit pressure of 1
gtmosphere are presented in table V.
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Curves 5 _ _ 5

Performance parameters. - The performance parameters are plotted in
figures 1 to 7. Curves of specific impulse are presented in figure 1 for
assigned pressure ratios as a function of percent by welght of fuel.
Combustion temperature and exlt temperature for assigned pressure ratios
are plotted in filgure 2 as functions of percent by weight of fuel, and
curves of the ratio of nozzle area to throat asrea are plotted in figure 3
as functions of percent by weight of fuel for assigned pressure ratios.

Figure 4 gives the curves for coefficlent of thrust for assigned pressure :5
ratios as a functlon of percent by welght of fuel; figure 5 presents -«
curves of molecular welght for assigned pressure ratios; and figure 6 L
presents curves of characteristic velocity as a function of percent by
weight of fuel. . . N
Effect of assuming frozen or equilibriﬁm composition during expan-
slon. - Specific impulses based on equilibrium and on frozen composition
durlng expansion to an exit pressure of 1 atmosphere are compared in fig-
ure 7. Maximum values of specific impulse hased on equilibrium and on
frozen composition during expansion are compared in the following table
(taken from table IT or V): . _ T
 Chamber |Pressure| Equivalence|Oxidant-|Composition| Max. Differ—
pressure, | rabtio, ratio, fuel during |[specific|ence in .
Pes P./P R, welght | expansion |impulse, I,
1b/sq in. at which I| ratio, I, %
" ebs is maximum | O/F 1b-sec
- 1b
300 20.414 0.95 1.339 |Equilibrium| 256.3 -
.90 1l.268 Frozen 248.4 ‘
1500 1.00 1.409 |Equilibrium| 345.3 } 6.5
: - .90 1.268 Frozen 324.2 *
600 - 40.827 0.975 1.374 |Equilibrium{ 278.7 } 5.5
- .80 1.268 Frozen 269.3 :
1500 1.00 1.409 |Equilibrium|{ 345.7 } 5.8
.20 1.268 Frozen 326.6 :

The table shows that, for pressure ratios of about 20 to 40, the
difference 1n maximum specific impulse due to equilibrium or frozen com-
position during expansion is gbout 3 to 4 percent, while for a pressure
ratio of 1500 the difference incregses to gbout 6 percent. The maximum
specific impulse occurs nearer the stoichiometric point (R = 1.00) for
equilibrium composition than for frozen compositlion. For frozen composi-
tion, meximum specific impulse remains at the same fuel-rich O/F ratio .
of 1.268 as pressure ratio ilncreases. For equilibrium composition, the ’
meximum specific impulse moves from a slightly fuel-rich ratio at the
lower pressure ratlos to the stoichiometric mixture ratio at the high .
pregsure ratios. _ '
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Effect of Thermodynsmic Data

New and revised thermodynamic data are constantly appearing in the
literature., The reason for this may be the availebility of hetter spec-
troscopic dsta, or a more rigorous use of the spectroscopic data in cal-
culating thermodynamic functions, or possibly a more accuraete determina-
tion of heat of formation, heat of dissociation, or heat of transition.
In & comparison of the performance of various propellants, care must be
taken to see that the same thermodynamic data are used, since different
data may affect the results.

Several additional calculations were made to determine the effect on
performance of using water data from reference 27 rether than that of
reference 5 used in this report, and of the heat of dissocistion of OH
from reference 12 (100,206 cal/mole) rather than that of reference 13
(106,764 cal/mole) used in this report. The results of these calculations
are shown in the following teble (P, = 600 1b/sq in. &bs):

Equiva-| Pressure| Thermo-| H0 OHE Difference| Difference
lence | ratio, |dynamic|thermo-| heat of due to due to
ratio,| P,/P | data, |dynemic|dissocia- Hy0, OH,

R this data, tion, percent percent

report|ref. 27| ref. 5
Combustion temperature,

T, °K

0.7 1 2503.1 [2513.4 2508.2 0.41 0.20
1.0 1 2980.5 [3044.1 2984 .4 2.13 .13
1.5 1 2759.5 |2841.0 2764.0 2.95 .16

Equilibrium specific

impulse, I, lb-sec/1b
0.7 40.827 262.04; 262.09 262,11 0.02 0.03
.7 1000 311.36] 311.38 311.39 .OL .01
1.0 40.827 278.30| 279.46 278.49 .42 .07
1.0 1000 340.79( 341.3%4 340.88 .16 .03
1.5 40.827 250.32| 251.56 250.44 .50 .05
1.5 1000 303.05] 303,60 303.09 .18 .OL

Frozen specific impulse,
I, 1b-sec/1b

0.7 40.827 | 260.91} 261.40| 260.95 0.19 0.0z

.1 1000 | 309.76| 310.41| 308.74 .21 .01
1.0 40,827 | 267.23] 269.58] 267.13 .88 .04
1.0 1000 | 320.54| 323.83| 320.23 1.03 .10
1.5 40.827 | 242.74| 245.81| 242.69 1.26 .02
1.5

1000 | 290.16} 294.38| 290.00 1.46 .06
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For the three equivalence ratios selected, the effect of the differ-
ence in the heat of dissoclation of OH (6556 cal/mole) on both specific
impulse end combustion temperature was very small. However, the differ-
ent thermodynamic data for Ho0 made e difference of 82° K in the combus-
tion temperature and 3 to 4 %lb)(sec)/lb in frozen specific impulse for
the equivalence ratio of 1.5. The effect of different water data wes
greater on frozen specific impulse than on equilibrium specific lmpulse.

Effect of Chamber Pressure

By use of sulitable exponents, performance parameterg can be estimated
with good accuracy at chamber pressures other than those given in this
report. The logarithmic values of the parameters I, T, €, and c¥* are
very nearly linear with the logarithm of chamber pressure for a fixed
equivelence ratio and pressure ratio. This linesrity permits the data
to be represented by means of exponential equations. For frozen composi-
tion the exponents can bhe calculated from data for two chamber pressures
according to the following equations:

(A In T
nI,:-_ ——-E-
& 1n Bo/p /P

(25)

e = @_‘J'-l_?f_c-)rzlc /P (26)

o]
|

- (ﬁ-%ﬁ—f:;)l,c /p (27)

' "A ln ¥ -
D3 = o (28)
< A ln P,

For equililibrium composition, the following'analytic expressions were
derived that permit the exponents to be computed from data at a single
chanber pressure:

a = (3 iz 1I°c)P e = 86.4554 -—-(/[ ,'/7) (29)

oy = (%%‘%:)PC/P A [1 (g =) ] 2,

cdaml! bi:

Ty
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ng = 5—%—1;-)? 1o ™ Bafide - (aafde (31)
noe = g—g_-g—;-: = L1+ (s (32)

where

s = (AL, -t - (32d)]- 2w

Equations (25) to (28) and (29) to (32) may be written in the following

approximate form:

P 1,1

I=1I (E) (33)
P, ap,l

1= (52 (34)

n

TR (Pi‘fl) v (39)
P, Bed 1

=< (Pc,l> ()

where Pc,l may be selected to be either 300 or 600 pounds per square
inch absolute if I;, Ty, &, c§ and thelr derivastives are the corre-
sponding values for the chamber pressure selected.

The exponents obtained by means of equations (25) to (32) are shown
in tables III and V and are plotted in figures 1, 2, 3, and 6.

To 1llustrate the use of these derivatives, suppose the value of
equilibrium specific impulse is desired for a chamber pressure P, of
1200 pounds per square inch gbsolute and & pressure ratio P /P of 8L.65
(exit pressure, 1 atm) for an equivalence ratio R of 0.95 %O/F, 1.339).
From figure 1(c) and table III, the value of I at this pressure ratio
and equivaelence ratio (but for a chamber pressure of 600 Ib/sq in. abs)
is 295.8, and the velue of -nr 1is 0.0025. From equation (33),
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—-—

1200)0.0025
600

H
It

295.8 (

295.8(1.0017)

296.3

The parameters obtained by the chamber-pressure correlation and by
& direct calculation are compared in the following table (R = 0.95,
equilibrium composition during expansion):

Parameter P, = 1200 1b/sq in. &bs
Pg = 1 atm
Estimated by |Direct calculation [Difference
correlation
I, lb-sec/1b 296.34 296.32 0.02
Tos 3012.8 3011.0 1.8
Tes K 1557.9 1558.2 .3
& 10.272 10.266 .006
c¥, ft/sec 5843.0 5841.6 1.4

Values estimated for other equivalence ratlos and for pressure ratios
from about 150 to 1200 pounds per square inch gbsolute will probably have
smell errors of the order of magnitude shown in this table.

Effect of Finite Chamber Ares
The use of & combustion chamber of finite eross-sectional area leads

to a pressure change during the combustion process. For a cylindrical )
chamber, the Injector face pressure Piny msy be found from the following

equatlon for conservatlion of momentum:
Pinj P1+x+ Alg (Vl Vinj) (37)
where P; sand Vl are the static pressure and velocity at the nozzle

entrance, respectively, and Vinj is the average velocity of propellant

(1iquid or gas) in the axial direction when injected. Equation (37} may
e written

P P '
= L)+ - - 38
Finy = e (Pc) * o 8 Vinj) (38)

where P, 1s the stagnation pressure in the nozzle.

AN PR
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The dats in tgbles IT and V may be used to evaluate this expression.
For example, consider a rocket operating at the stoichiometric ratioc with
a nozzle stagnation pressure of 800 pounds per square inch absolute and a
chamber- to throst-aree ratio & of 2.131 with Vinj equal to 100 feet
per second. From table II(c), corresponding to the area ratio of 2.131,
Pc/Pl is 1.05 end I is 35.7. From table V, c¢¥* 1s 5788. Therefore,

for these conditions, the pressure at the injechor face is

1 600
600(1.05) ¥ 5788(2.151)[(35'7)(52-17) - 100]

P

inj

571.43 + 0.04865(1048)

571.4 + 51.0

622.4 1b/sq in. abs

SUMMARY OF RESULTS

A theoreticel investigation of the performsnce of liquid ammonls
with liquid oxygen was made for the following conditions: (1) equilibrium
and frozen composition during expansion, (2) two chamber pressures (300
and 600 1b/sq in. abs), (3) a wide range of oxidsnt-fuel weight ratios
(0.564 to 7.046), and (4) a wide range of pressure ratios (1 to 1500).

The results of this investigation showed:

l. The maximum values of specific impulse for a chamber pressure of
300 pounds per square inch absolute and an exit pressure of 1 gbtmosphere
(pressure ratio, 20.414) are 256.3 and 248.4 assuming equilibrium and
frozen composlitlon, respectively, a difference of 3.2 percent.

2. The maximum values of specific Impulse for s chaumber pressure of
600 pounds per square inch and an exlt pressure of 1 atmosphere (pressure
ratio, 40.827) are 278.7 and 269.3 assuming equilibrium and frozen compo-
sition, respectively, & difference of 3.5 percent.

3. The difference between values of specific impulse due to the
assumption of equilibrium or frozen composition during expansion is asbout
6 percent for a pressure ratio of 1500.

4. The maximum value of specific impulse occurs on the slightly fuel-
rich side of stoichiometric. For frozen composition during expansion, the
maximum value of specific Impulse occurs et the same oxidant-fuel welght
retio independent of pressure ratio. For equilibrium compositlion during
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expansion, the maximum value of specific impulse shifts from the slightly
fuel-rich side of stolchiometric to stoichiometxric as pressure ratios
increase. .

Lewls Flight Propulslon Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, February 6, 1958
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TABLE I. - PROPERTIES OF LIQUID PROPELLANTS

Properties Ammonia Oxygen
Molecular weight, .# 17.032 32.00
Density, g/cc 20.68 b1,1416

(at -33.4° ¢) | (at -182.0° C)

Freezing point, °C C_77.76 C.218.76
Boiling point, °C C.33.43 C.182.97
Enthalpy required to convert

liquid at boiling point to

gaseous elements at 25° C,

kcal/mole di7.14 d3.080
Enthalpy of vaporization, ¢5,581 €1.630

kecal/mole

Enthalpy of fusionm,
kcal/mole

(at -33.43° C)

C1.351
(at -77.76° C)

(et ~182.97° C)

€0.106
(at ~218.76° C)

8Ref. 28.
bRer. 29.
CRef. 12.
dRer. 4.

21
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TABLE II. - THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500 =
FOR LIQUID AMMONIA WITH LIQUID OXYGEN _
(=) Com'bustion-cha.mber pressure, 300 pounds per square inch absolute; equilibrium f
com;position during :Lsentropic e_x_pansion ~
Pressure | Static [Tezper- | Eathal-Molecular |Isen~ Specific|Abso- 'ﬂ\u'lll Hach Spacific Ares Thrust Bpecuh' - —
N e O e Ol W sl R b
/s ta.| ok | éal/g | T | e [t | Xy (u»mgg. o) o (1’-}5.“2
” : s e

R = 0eAOs  PERCENT FUEL = 63095+ O/F = 00864

1400 300400 1349 335042 234316 | 142956 | 0ab541 453 | 000038
1405 285471! 1334 (334044 | 130326 | 142966 06524 4590 s0Q003E { 00275; 32642 20226 | Oe208 29,1
la&0 18750 1210 (326Qe8 ] 136316 | 143053 #8381 421 «00093% «872( 177e3 1015 46301 8843
le04 163421 1171 [3235.% 134316 | 143082 06335 412 (0034 | 14000] 17640 14000 ¢712 | 997
2400 150600 | 1148 322143 134326 ! 143100 +6306| 406 400033 | 14072} 17643 le00% 2756 | 10349

10000 36900 TTZ (299341 | 136316 | 203421 [3-1.511 309 | 400024 | 24149 20407 20030 | 14258 | 17643
20400 15400 646 291949 | 134316 | 13530 | 25720 272 | «00021) 24569 215.2 31093 | 14381 193,35
20441 14470 B43 (291749 134316 | 143532 | o5718] 271 400021 | 24501] 2154 34133 | 14384 | 19349

40400 Ta80 5338 1283848 134316 | 143618 05617 237 4p0018 | 20998| 223.7 As823 | Le4T6 [ 20600
40083 Te35 585 (285Te1| 134316} 143621 v5614 235 «00018 | 3+010! 223.9 40880 | 14478 [ 20761
80400 3475 447 [2007+9| 130316 | le3680 5547 206 «QUOLS | 24447 23046 Te62% | 24390 | 21742
100400 3400) 421 1279345 134316 | 143696 #5530 196 100015 34597| 232.5 24863 [ 145712 | 22042
200000 1450 349 [275348| 134326 | 143744 o 5479 188 600012 ] 44083| 23Te7 [144191( 14626 | 22748
300400 2e00| 312 [2733.8| 134316 | 143767 «3454 154 €00011 | 44383] 24043 18eTa4 | 14655 23246
500400 «60| 271 1271146] 13316 ]| 2143791 «5429 136 s00C10 | 4a781| 24342 [264680] 14602 [ 235.7 -
800:00 o3T| 238 (269347 1343167 143842 28377 122 200009 | 32163 24543 36.978 | 12705 | 23%.0 -
1000400 30 224 [268640| 130316 | 143872 43347 115 «00008 | 54351 24644 [43.187] 14719 | 24046

1500400 €20] 200 [2673.2] 134318 | 143928 03291 104 | «00007 ) 5707 240.0 570266 24732 ] 26247

R = 0450s  PERCENT FUEL = 58467+ [O/F = Qo705
1400 | 300400[ 1784 [307549| 184516 | 142616 | De6807] 555 | 0600046

1405 285471 1765 |306440| 154516 | 142624 «8590| 551 «Q0045 | 04279 35946 0206 ) 3241
1e60 18750 1617 | 296645 144516 | 142495 64301 320 «Q0042 «882] 19€.3 0526 7.5
- 1le82 165420) 1574 |2938,9| 144516 | 142717 6400 511 s00041 | 10000] 1950 4700 | 10%+2 :
2400 150000 1542 {2918a3] 144516 142735 6375 %03 s00041 | 14083] 1955 «731§ 11761 -4

10400 30200 1075 | 263244 240516 | 1430537 05047 394 A-OOOSO 241451 22940
20400 15000 931 [2538¢A4| 144516 | 143200 «B64T 3s1 400026 | 24555 24143
20441 1470 908 |2595.8| 146516 143203 «5641 350 400026 | 2367 24147

20260 | 1964 =
14287 | 21643
16390 | 21608

40400 7e50| 768 |245849] 144526 | 143395 | 5474 321 ] 400022] 24967| 251.4 1e636] 23107
40483 TedS| T6A |243647| 144516 | 103339 | 5469 310 | «00022[ 24979] 25147 14489 23241 -
80400 3478] 664 [239240] 144516 ] 103449 | +5338) 274 | 400019 | 34396] 25947 14585 | 243.9 .
100000 3400 608 [237249| 244516 | 1e3482 | «5301[ 262 | «00018] 34539] 26240 1e986 | 24743
200200 2450 308 |2520s1| 144316] 143571 ] +3203| 228 | «p0026| 44003 26842 10645 | 25644
300400 1a00| 456 {229%¢4] 1445316 143609 [ #5162| 210 | «00014| 4292 27143 1¢67h| 26049
500400 «80] 398 |2263¢8| 140316 | 143632 <5128| 188 | 00013 44673 274.8 16705 26549
800600 | . o37| 231 [2239¢5] 144516 143682 | 5087| 189 | «50012| 54045 27745 | 394757 1730 269.8
1000400 030| 330 [2229¢1| 144516 143696 «5078] 161 | obQOIY| 542280 27847 | 464508 | 1e741| 27104
1500400 020| 296 |22311a7| 14¢316( 143718 ] #5051) 146 | 00010 5¢575] 28046 | 614884) 1,759| 27442
R ® 0e60s PERCENT FUEL # 344199 O/F & 04845 - . P . e
100 284%.5) 154708 142334 | 046768| 6839 { 0e60053
1408 202042 134709} 1e2344 | #6734 635 | +000%3| 0e4282f 381.5 20191 | 04204 3440
1460 272001 134713 142423 ) 46514 603 -ggoaa +890] 20849 1s012| 2822} 10346
1e80] 166072 1937 | 269160] 1%a714| 142444 | «6461| 594 | 000048| 14000 20747 24000{ 2692| 215.2
2000 250,00 1897 | 266544 I5e714| 142463 [ 6427 586 | +00047] 14091 208.3 14007] o748) 12445 —
' -
10400 30000( 1361 [233640f 154716 142746 | 45870 469 .65335 24151 2458 241400 14262( 21041
20400 15400 1169 |2225¢3] 1%4716| 242883 [ 456%0) 422 ] «00031| 24548 259.7 34331( 10393) 23,9
20441 14470| 1164 | 222243| 184716) 1e2888] o8643] 422 30| 24560] 26040 34376| 1a296) 29245 -
40400 Te50 998 [ 2130e5| 15716 143029 +5439] 378 27| 24945 27161 50295! 1a496] 24941
40083 7e35| 993 | 212749] 154716 103033 ( ¢5433) 377 | 200026] 24957 27144 Se369| 14498| 249,3 .
80400 3475 847 | 204948] 154716 13171 45252| 337 | 000023 34334 28045 84519) 14578 26248 -
100400 3.00] 803 [ 202645 15718 123215 | 5198 324 .Qoozz 34491 28742 909641 14601] 26646
200400 1050| 676 | 196168 154716| 143341 | 450a9; 286 0019 34932 290+4 | 164132| 14663 2770
300000 1400| 611 | 192849 13.716} 143404 { 4979 265 0017 #e204] 29640 | 21.449] 14694} 28241
200400 «60| 536 [ 289149 154716 243476 4902} 239 -00015 4e566] 29840 | 304751 1.72¢ 2878
800400 o37| a74 | 286109) 154716 102831 oa8a6| 217 | «00014) 44919 301.2 | 42.881] 1.755| 29242
1000400 o30| 447 [ 184849 154716] 143352 44824 207 | «00013| 52094 30245 [ 504232] 1.767]| 294.2
1500400 020] 402 | 1827e2| 154716| 13589 | 4788 190 | +00012] Seh24f 304e8 | 664995 14786] 297e4
R = 0s70s PERCERT PUEL = 50e¢34s O/F = 04986
&
1400] 300,00 2494 | 264440} 1648521 142004 0e7547[ 709 | 0400064 B
1605] 2885471 2874 [ 262948 164866( 1620171 o7474] 703 | +00063] 0286 39540 24172] 0e203| 35,3
1650 187450] 2305 ]| 251143] 164891 102130| 46937 673 | «Q0057] 898 21742 14010f «618] 10743
16780  168433| 2262 | 248203 164895 102187 «6824; 663 | «Q0055] 140000 21642 14000 o682 11846
2000( 150400{ 2216 | 2431e9] 164399) 1s2186| 46714 656 | e00054] 1sl00f 21740 1¢009| o743| 129¢3 .
10000 30000| 1633 | 208947 160916| 1e2497) o588a] S38| e06099| 2e151 25Te6 | 24185) 1¢263] 21946
20400 15400 1418 { 1965481 164916 }32518 «5662] 487 | 00835| 24942 27248 | 34431) 1.397] 24340
20441 15e70| 1412 | 196242 164926 12622 +5656] 486 | «Q0035| 24852 273.2 3eATE] 14401} 243¢6 .
40200 7030] 1225 | 185841 160916 162749 | #5447 A&0 [ o0D330] 24927 28%5.4 5¢306] 1e50a| 26145
40483 7e38| 1219 | 28538.4] 164916] 142753 o54al| 439 «68030] 20939 28%.8 54585 14307} 26240
80400 3¢78] 1052 | 1765.6, 164916[ 242892) 5238] 396 -00021 34321 29%5.9 8a943] 14590 27645 s "
100400 3.00] 1000 | 173847 16.916| fe2939] 45172 382 29849 | 104470| 1e614| 2807
200200 1e80| 852 16634 164916| 143082 o5906| 341 30740 | 174139( 1e680| 2%92.1
200400 1s00] 773 | 1624¢8 164716| 143163] o4389] 318 311el | 22¢897| 24713) 2978 -
500,00 +60] 583 | 158141 164916| 143257 aa783 290 3156 | 334006] 14749| 3044l -
800500 o387 608 | 154545 166716| 143334 4698 265 00016 40803 319.2 | 460234 14778 30%e2
i

=
1000,00 o3 575 | 1530+ 16e%26] 1a3269 o46620 254 | «00016] 44968 32048 564262| 14T90] 311438
1500.00 +20] 519 | 15044 160925| 143426 14604 228 000147 54280 32344 | 724597] 1a811]| 313.0
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TABLE II. - Continued.

(a) Contianed.

FOR LIQUID AMMONTA WITH LIQUID OXYGEN

equilibrivm cogposition during isentropic expension

Combustion-chamber pressure, 300 pounds per square inch absolutej

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROK 1 TO 1500

23

Pregsure | Static Temper-; Pathel. Holecular|Isen- Bpecific (Abso- |Thermsl |[Mach Specific Ares Thrust ]Spezific
mt:c/:, pressure,latire, | py, weight, jtropic heat, lute conduc~- | number,|impulse, ratio, | coeffi-|impulse,
P./P » T, 3 v 4 exponant, Cps viscos-jtivity, - ) o Ivac, € cient, I,

1b/eq tn.| 9K eal/g T cal  |it¥, X, (1b) (sec) (1b) (sec)
abs TRy 1, calf(sec) Th 1ib
€.
wicro~ |(cm)(°K)
poises
R = 0s80s PERCENT FUEL = 47.01s O/F - 1-127-
1400 300400| 2734 [24T1a0| 174915 | 141669 | 049466 762 |0400083
1:05 285471} 2717 [ 245643| 174924 | 141679 09345 759 s00081§ 04250 401e6 20151 0e201 358
le60 187+50] 2563 1233342{ 174996 | 142777 «8356 730 +00071 9909 22240 l.008 ¢613 | 10945
le76 170s41] 2528 |2306e4| 184009 | 141802 «8150 723 «00069| 14000 22141 14000 08670 | 11947
2200 150400) 2482 | 2271e¢l| 184026 | 141837 7886 Tl4 600066 | lelll; 22241 14011 « 739 | 13149
10e00 30400) 1893 |1884&47| 18s112 | 142269 45974 597 000044 | 24145] 26549 2s241] 14265 2259
20400 25400| 1661 | 174948 184115 | 142396 «5683 547 000039 24528 282.2 3e544 | 16403 | 25045
2044l 14,70| 1654 (174640 184115 | 12299 ¢ 56786 546 «00038( 24539 28246 34894 14407 25142
40400 Te50[ 1449 | 163147 184116 | 2e2514 +5461 499 000034 2:906| 29548 54T3)] 245141 27042
40483 Ta35] 1443 [ 162844 184116 | 142518 45455 497 800034 24917| 2962 5¢815] 14517 270.8
80400 3eT5] 1257 [152940| 184116 | 102640 +5251 452 ¢00030| 34¢288| 3073 9e387| 14604 | 28643
100.00 3,00| 1199 | 149849 184116 | 142684 5184 | 438 100029 | 32414 31045 114022 14629 | 2908
200s00 1450 1033 | 1&414e¢2| 184116 [ 1.2826 4979 394 000025 | 3815 3195 184203 | 14699 | 3032
300.00 1400| 943 |13T0e3] 184116 | 142909 «4B8T 370 s 00023 44060| 32440 244443 14734 | 30945
500200 260 839 |1320e4] 18e116 ] 143015 o 4735 340 «00021( 44382| 329.1 354485| 14772 31644
800400 37 T52 | 1279a4| 184116 | 13109 04625 314 200019 | 44695| 33342 49927 14804 322.0
1000000 30 713 | 126145| 18116 | 143151 +4578 301 «00018| 44820| 33449 58e736] 14817 | 32464
1500200 020 646 | 122143 18s116 | 143223 «4500 284 s00017) Selé3| 337.8 T8eBS9| 1a840) 32844
R = 0e90s PERCENT FUEL = 444093 O/F = 1,268 s
1400 300600 2877 1 231945f 184816 | 141439 | 142266 798 (0.00108
1e05 285471) 2862 | 2304aT] 184831 | 1e1443 | 142148 795 +00207| 0e2%2] 40243 24134) 06199 3549
1:60 1B7450| 2731 [ 21809 184956 | 101481 | 122072 770 «00095 0919 2232 1.006 «609 | 1098
le74 172433| 2704 [ 2156e8| 184979 | 141491 | 140847 T65 s00093| 14000 222+5 14000 4660 | 11940
2400 150,00| 2661 | 211749| 194015 | 141510 | 160470 757 200089 14122] 22348 1.013 «735] 13245
10400 30400 2135 | 1717e1] 196278 | 141550 25645 653 200052} 24140| 27048 24320] 14270 229.0
20400 15,00| 1900 [ 1573¢l| 194307 | 142156 +5881 604 200043 2.506| 288e2 30704 lehl4h| 25448
20441 14,70 1893 | 156941| 194308 | 142161 «5866 602 200043 24517 28847 34757| 1e418| 2555
40400 Te50) 1675 [ 1445,T7| 19315 | 142303 +5510 555 s00038| 248371 30249 650033 14530 27547
40483 Ta35] 1668 | 144242] 194315 | 142306 «5502 554 s00038| 24882 20343 60122| 14533 | 27643
80400 3¢75] 1467 | 1333,.8] 194316 | 142422 5277 507 ¢00033]| 3+243} 31543 94951 14625 29249
100+00 3400| 1404 } 1300e9| 19316 ] ls2461 «5209 492° | «00032| 24364] 31848 11e711! 14652] 29747
200400 1250| 1221 {12074 194316 | 162587 «5006 447 200028 3,751| 32846 194495) 14725| 31lel
300400 1400 1122 | 115845| 194316 | 142666 24387 421 0 00026| 34985 333.6 26¢305] 14762 3178
500400 60| 1006 | 110246] 194316 142771 4741 390 000024} 44291] 33%9.2 884394 1a805] 32544
800400 37 907 | 1056e4| 194316 | 142868 4618 382 s00021] 44586| 34348 544374 14839| 33165
1000400 +30] 863 | 103641| 198316 142914 + 4559 2549 200020| 44731 345.7 640136 1e854| 33442
1500400 20 T87 [ 1001e7| 194316 | 142997 o461 338 2 00019] 54005 34940 864552 14879 | 33846
R = 0495 PEECENT FUEL ='424769 O/F = 14339
1400 300600] 2913 { 2250e6] 196201 | 141381 | 143349 810 | 0s400119
1205 285,71) 2899 | 223549 19218 | 141382 | 143258 807 ¢00117| 04293] 40047 2¢130] 0el99 35.7
le60 187650] 2774 | 211249] 194361 | 141395 | 142397 783 200107 0921 22246 14006 #4608 109:5
1473 172491 2751 | 208949 194387 | 141399 | 1e2220 778 ¢00105| 14000[ 22240 1.000 «657 118s2
2400 150400 2709 [205002{ 154432 | 141408 | 141901 770 ¢00102| lel26| 22S.3 1014 « 734 132.1
1000 30600| 2234 | 164Ta3| 15815 | lel704 « 7776 676 «00061) 20145| 27147 20364] 14273] 2291
20400 15400] 2015 | 149948 194885 | 141957 06375 631 s 00048] 22498] 28949 34808) 14420 2556
2041 14470 2008 | 149547 194887 141954 06345 629 e 00048| 2e508| 2504 3e863| leh2h| 25643
40.00 Te50] 1791 | 126841} 194910 le2173 25646 583 a00040| 2+848| 305.2 64237| 1e540( 27761
40483 Te25{ 1784 | 136445) 194920 | 1e2178 5633 582 «00040| 24839 30546 64330 15343 2777
80400 3478 1577 | 125147 194915 | 242316 «5315; 53% «000353| 34210 318.0 100224| 14638} 2948
100400 3400 1512 | 121743] 194916 | 142355 #5238 520 200034 !.330. 32147 12e164] 14666 29948
200400 1e50( 1321 | 111945| 194916 | 142477 25026 &T4 s 00030 34709 33240 204318| 14743 | 31847
300400 1400 1218 | 106841| 194916 | 162551 «4910 442 200028} 34938} 337a3 2Ta476] 14782 32048
500400 s60f 1096 | 100962 196916 | 142651 +8762 416 000025] 44236] 343,41 406222] 14826] 32847
800400 237 992 96002 194516 | 102747 04630 387 «00023| 44523] 347.9 572122] 14862] 335.1
1000400 3 945 93847 196916 | 1e2792 s4571 374 «00022| 4¢664| 35040 6T+468| 1877 33749
1500400 220 864 902¢1} 194916} 142877 s 4466 368 0 00021| 40929] 38345 $1e270| 14503 342.3
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(a) Continued.

FOR LIQUID AMMONTA WITH LIQUID OXYGEN

equilibrium composition during isentropic expansion

NACA RM E58AZL
TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500

Combustion-chaember pressure, 300 pounds per sguere inch absolute}

Presaure | Static Tosper- | Enthal- [Holecular|Isen- Spacific|Abso- |(Thermel [Mach SBpecifiac Ares Thrust |S8pecific
ratio, Jressure,|sture, |Yyy, - [weight, |tropic beat, lote condyc~ |mumter, 1se, ratio, | eceffi-! impulse,
B /P P, T, b, g ogonent,| o, | viscos-|tivity, M vaos [ clent,
lb/‘lbq' in.} oK cal/g T ity, } ) !ulgnel
B, oa! 300
i xiovo- («:{fvx)
polses
R = 1,00¢ PERCENT FUEL l_41.51| _O/F = 1,409
1600 { 300600| 2928 (218547 194982 | 241360 | 143651 81T | 0000327
1403 2859T1] 2914 217142 | 194560 | 1e1360 | 143572 al4 210012) | 04204 39,3 25128
1460 18Te30( 2792 1204966 | FPeT711 | 141365 | 142845 791 000112 «922] 223143 14006
173 373212| 2769 120273 | 19738 | 141347 | 142700 T86 400110 | 14000 22047 14000
2400 150400 2720 (19977 19787 | 141371 | la2432 biil +00167 | 1.120 ?22.1 1.018
1040€ 304Q0| 2203 |]}587¢6 ] 204239 | 141520 9129 689 «DOOT] | 24183| 27C.% 2,388
20400 15000| 2089 |143943 | 20962 191665 oTTAE ] €AY «00058 | 2¢508| 28946 34087
20441 14:TQ) 2083 |1438,2| 204371 41670 s7708 (133 aD0058 | 24516]| 29042 34945
40400 TesQ 091 11305¢0 | 20448] | 141861 +4392 607 aDOOAT | 24843| 305,7 64453
40083 T435 885 [1301¢2 | 200453 [ 141888 8552 606 eDOOAT | 24853; 3064l 6a551
40490 3475 1691 |1104e5 | 204494 | 142080 3771 563 400039 | 3+180[ 319.3 10.799
. s .
100400 5400| 1627 (114847 ] 20502 | 142143 «5580 549 050037 30291 23,2 12.756
200400 1e50| 1434 |10464Q| 202513 | 142327 +5153 508 000032 | 34649 334.1 214438
200200 1¢00] 1326 9918 | 20513 | 122418 +5983 ATT L} 30 | 34889] 33947 290067
500400 «60) 1199 92903 | 204516 | 1.2523 #4810 445 «Q002T | 5215T| 345.9 424681
80Qs00 +37] 1089 87743 | 204516 | 102619 #4668 415 «00026 | 4¢a%4| 35140 604786
1000400 30| 1039 85443 | 204316 | 142664 4604 402 -pri! 4370 353.2 T1e892
1800400 20 953 81342 ] 20e516 | 142747 14494 402 |90023 42825 35740 974495
R = 15309 PERCENT FUEL = 394229 O/F = 14550 o
1000 300400 2913 (206647 | 204113 | 101386 | 242483 823 |04f0)13
le03 285471 2998 |2052T| 2041351 ] 141387 | 142393 220 00112 ) 04293 39148 20130 | 00199 3449
1460 18750 2773 [192543| 204275 | 101402 | 141574 798 Q9102 4221l 21745 1.006 4608 | 10740
1874 172287 2749 1191343 | 204302 | 241406 | 121409 791 00100 | 14000 21648 1.000 o657] 115,53
2000 150400 2707 [1875a4 ) 200347 | 141415 | 11117 782 ng0097 10126] 21842 ls014 e 7341 12940
1000 3060Q| 2236 |149949) 204739 | 151633 + 7848 686 066652 24150; 26545 20368 | 14273 22340
20000 13.00| 2030 |234946| 204834 | 121794 06769 643 200051 | 24506] 28345 3836 | 1s421| 24948
20941 14,70 2029 |134546| 204836 | 151800 26TAL 642 200051 | 24817 28440 34892 14425 25045
4000 Te50| 1823 (122244 | 20Qe889 ) 141979 05972 598 .gpeAa 24831 29849 Ge334 | le542| 27140
40288 Te35| 1817 |1228e9; 204890 | 141984 15952 597 4Q00A2 | 24861 29943 6a&30| 16343 27266
80400 3975] 1621 [110940 209916 | 1642162 | o5421| 352 | «Q0038 | 34196| 31149 |104560| 24642| 28047
100400 3400) 1537 [107543 | 204921 | 142219 25284 537 |d¢b!! 34312| 31346 1244641 14671} 29307
200000 1¢50] 1368 97941 | 204928 | 142385 +4945 492 Q0030 | 34677 32640 204903 14780 30746
300e00 1400| 1264 92845 | 20930 | 142474 A79% 466 400928 | 34900 33143 284314 | 14790 | 3lbe?
500400 o860 1140 87062 | 204931 | 142582 24628| 433 2Q0025 | 442911 337.3 414518 14835] 322.7
300400 «37] 1034 82247 | 20981 | 102681 24491 406 .QQOZ! 43472| 34241 59.048| 14872 22941
1000400 30| 986 80063 | 20931 | 142727 ah43] 393 000022 | 44611 44,2 694TES | 1.888] 33240
1500000 2 %03 76440 204931 ] 1.2021 4327 3ss 00021 | 40871 347.8 944526 | 12915 338:7
R = 1;20. PERCENT FUEL = 37416¢ O/F = 1e691
1400 300000 2871 196042 204593 | 141425 | 1lal1T70 822 | 0000102
1,05 285.71| 2856 | 194847 200609 141427 | 141093 819 200101 ] 0e29 384.1 24133 04199 3442
1460} 187450 2726 [183347| 204742 | 1e1448 | 1,0346{ 793 | «00092] 4920 213.2 16006 ¢609] 1040%
178 172457 2701 [ 181242 | 204767 | 1el454 | 140197 788 +00090 | 1a00 21246 le000 «639] I19.5
2000 150400| 2659 | 177642 206307 | 141464 «9943 T80 0000871 1.1 21348 1leGlé 2 T34] 12645
10400 30400 2175 | 140841 214156 ] 141691 +T271 679 Idhé57 2.;50I 25947 24355 ) 1,272) 2192
0s00 15.00] 1968 | 127345 214235 26378 635 | +0Q048| 24509, 277.2 9.805] 14419] 2844k
20441 14470 2962 | 126947 210237 +56355 633 «J0048 | 24519 27747 34861) 1a423| 24541
40400 TeB0] 1762 [1152.T| 21,283 43686 589 «Q0040 | 24856 29241 642TQ[ 1433%| 26541
40¢83 T38| 1756 1 114943! 21p204 05669 88 000040 | 2e866] 292.5 62364 &
80400 3475 1862 | 10433 214302 5192 543 +00035 | 3.206{ 30445 104432 la633]| 2822
| _
100000 3,00] 1499 | 101344 | 210309 | 102278 | «3067| 5328 | «00073 ¢ 24321] 300e2 |124304] 10666 28740
200400 1450 1314 92266 | 219315 | 142443 «4759 482 000029 | 3.690; 318.2 2045901 1a744{ 30045
300400 1400, 1212 | 67449 216338 | 192531 [ +4620| 456 | +00026| 3491560 32343 [ 274856] 1a784| 30743
500,00 «80] 1091 82042 | 224317 242640 abhb3 424 200025 | 44211} 32940 40eTAS| 14829 31840
00400 «37) oRs TTaab| 210317 le27%8 sAB32 398 600022 | 44497 333.7 570925| 14863 32142
1000400 230 41 Th&e5 | 21e317 | 12783 ah281 sz Q0021 ] 44637 333.7 684417 | 14880 32349
1800400 29 51 T20a5( 216317 ) le286T 4183 T «00020| 449001 233961 92,358 14907 22844
R = 1300 PERCENT FUEL ™ 324124 E{F = 2a114 .
1e00 3Q0400! 2728 (169844 2*.7‘& 11204 | 029074 809 | 000083
leQ% Z!!.Jﬂ 712 | 168643 214797 | 2ql507 «9099 g6 +0Q082 | Ce292| 36440 24138 01l
1460 187430 579 | 158540 214908 | 1e1540 «8450 779 «00075 «917| 20148 1.007 610
leT4 172400 2551 | 136467 | 214929 1le1548 «8335 773 «Q0073 | 14000] 20241 le002 0862
2400 150400 25¢% | 153356 214962 | 1a2362| «B152] 764 | eobO71( 2.125 20242 14013] o736 1198
- i
10400 20400| 2013 [120646| 220290 141845 [ ss124| 638 | «obBES | 20148] 28447 24325] 14272 20649
20400 15400, 1804 |1088s8) 22+286] le2028 3472 611 200040 | 24511 26047 34732 le415] 2304s
20041 14070 1798 (108543 224287 | 12033 +5455 60% 200040 ;i 24521 26142 30786 1a419] 23140
49400 7480 1600 | 98345 | 224334 ) 142219 44971 563 | «QDO | 24868, 27443 60106| 14532] 2494
4083 Te3¥ 1594 98006 | 224314 152235 4959 562 o0B034 | 24877 274es 6197 | 14535| 249.9
80000 3¢7 1405 890e8| 224325 | 102400 24620 515 «0DO30 | 3,227 28545 104088 | 14628 26%.1
100400 3.0 1348 863e5| 226327 ) 142433 4532 500 +00028 !.!4‘. 2889 114875] 14656 26%3
200400 2450 1170 78640 220329 142604 o4310 455 000025 | 34729 29748 194750( 14731| 281.8
300400 lcOOi 1078 T43e5) 224329) 142690 4199 429 +00023 | 3494 30244 264630 14769 28840
500,400 080: 962 699427 224329 142794 4075 397 +00021 ] 4427 30745 384831 le811] 29449
400400 3 868 66140| 224329 142890 3969 364 «00019] 4.36 31146 54:950| 1e846] 30045
i [
1000400 o3 825 | 64442 220329 142936 | 43922 355 | 400018 44711 31304 | 642795| 14880 20249
1500400 o2 752 61547 | 224329 | 143017 43840 345 200017 4.9!37 31644 074389 1s305( 30609
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TABLE II. - Continued. THRORETICAL ROCKET PERFORMANCE AT ASSIGNED FRESSURE RATIOS FROM 1 TO 1500

FOR LIQUID AMMONIA WITH LIQUID OXYGEN .

(a) Concluded. Combustion-chamber pressure, 300 pounds per squere inch absolute;
equilibrium composition during iseuntropic expansion

Pressure |Static Teager-{ Enthal- |Molecular!Isen- Sgecific|Abso- |Tharmel |Kach Specific Ares Thruat |Speoific

ratio, pressurs, [ature, | Py, welght, :troplc heat, lute aonduc- |mugter,|ispulse, ratio, [ coalfi- impulse,
PofP P, T, h, V4 | exponent, eps {viscos-|tivity, ® Trnc, & aisnt,
n(;: ta.| K calfs T cal  |LtYs X, i (n;gm) Cr | (1w){sec
&I oEy | » calf(sec
wtcro- (c:ﬁ"!)
poises

R = 2400, PERCENT FUEL = 264190 O/F = 2,818

l.:00 300400] 2515 | 139140 | 23,307 | 141630 | 047201 783 | 000085
le05 285, 71| 2499 | 1380as5 | 234318 | 141633 aTiAB 779 «00054 | 04290 337.8 20147 | Ga200| 3841
1a60 187.50| 2362 [ 129345 | 234403 | 141694 25604 750 «00034 a912| 18643 le008 +612] 92,1
175 171400 2532 | 127%e1| 232419 | 141709 06584 ) T4k 400057 | 14000| 18642 12000 «667] 10Cea
2400 150400 2290 | 12494 | 234442 | 141731 WS4AL) TIA «00055 | 14115] 187.1 l.012 o733} 11140

10400 30400| 1782 | 97340 284611 142117 4349 620 200037 | 24145 224.9 2s273] 1la268| L9Qe7
20400 15400 1574 | 87522 234636 ] 242308 *4530 570 00032 | 24517| 23940 34612 | 24408( 211,38
20441 14070} 1568 B72e5 | 234636 | 142314 4520 569 00032 | 24528 239,4 34663 | laAl2] 212:4

40400 Te50] 1377 | 78903 ] 290645 | 142484 4238 521 000028 | 24886] 250.8 54849 | 14521] 228.8
40483 Te35| 1371 T8Te0 | 234648 | 142488 4220 520 400027 | 24897 25141 50934 | 1e524| 22943
8000 J475{ 1193 Tlae5 | 236647 | 142634 24033 | 4T3 800024 | 34285] 26046 2579 | 14613 23246
100400 3.00] 1181 | 69246 230648 | 142530 a397T] 438 400023 | 34390] 26344 1162451 14639} 24445
200400 le50| 982 63009 | 238648 | 142820 #38211 AlM s00020 | 3¢790) 271el 106564 | 1709, 25722
200400 l.00 898 59848 | 232648 ) 142900 23738 388 400019 | 44035] 27540 240925 | 1e745) 26245
500400 T e60G| 799 56225 23648 | 143003 +3639 357 «0001T } 44357 279s4 [364156| 14785| 26845
400,00 237 Tié 53246 234648 | 143095 23556 330 +00015 | 44668 28249 504923 | 14817| 273.3
1000.00 «30| 679 51945 234648 | 143138 3519 317 000015 | 44822| 28442 59¢918 | 14830] 273+4
1500500 .20 616 | 45745 | 234648 | 143214 «3455 302 «000L4 | 5,113| 28649 [80.4590| 1.853| 278.8

R = 3,000 PERCENT FUEL = 19213, O/F = 4,227

100 300400] 2163 | 102447 | 254320[ 141942 | 045151 727 000043
1405 285,71) 2146 | 1018644 | 254326 1,1953 «3112] 723 400044 | 04286| 200s3 24168 | 04202 2648
las0 18750 2004 | 94Ta9| 252367 142055 *4795 590 200040 «901| 16342 14009 2617 8le7
1e78 168,77 1969 93146 254376 142083 oAT23 682 00039 F 14000| 15445 14000 «580| 9040
2400 150.00| 1929 91346| 250384 ] 142124 14641 673 ¢Q0038 | 24102| 1&85e2 1009 eTA2] 9843

10400 30.00| 1427 TO3e2| 25434 142533 3878 550 200027 | Zals5| 19643 26189 14263 16763
20400 15,00[ 1236 631al] 254437 | 1e2679 3700 499 400023 | 24535 207.8 344297 14397| 185,1
20441 14¢70; 1231 62902 252437 | 1e2683 03696 A8 200023 | 24547 208¢1 34876 | laa01l| 18545

40400 Te50) 1065 568¢9} 254438 | 1e2814 23558 432 aD0020 | 24925] 217e3 54488 | 14504 19941
40,83 Te35] 1060 567e2| 254438 | 142818 «3554 1~ ASQ 400020 | 24936] 21746 54566 14506} 19945
80000 3075 912 51545 250438 142944 o434 406 400018 | 34323| 22342 84893 | 14509 21045
100.00 3400 866 5000 | 25438} 142980 3394 392 «Q00LT | 34455; 227.5 104406 la613| 213.7 ‘
200400 1:50 T3T [ 45647 25:438[ 143123 3232 350 a00015 § 3.878| 23346 17008 | 1e679| 22243
300400 l:00] 658 434e4| 254438 1e3202 «3221 326 s00014 | 44139 23646 224T03] 14711| 22646
50000 «50 590 4094 | 25,438 | 13300 «31A8 297 «90012 | 44482 24040 324698 14THT| 2314k
800.00 37 524 38849| 254438 | 143235 +3089 272 s00011 | 44317 242.8 A5.¢TAT[ 147T6| 23542
1000400 430 495 380al) 254438)| 1s3423 03063 261 00011 | 44933 2439 534660| 1.4788| 2368
1500400 220 A4S 365e2] 250438 143491 #3019 242 ¢00010 | 54296 2459 T1a702] 14809 23946

R = 44009 PERCENT FUEL = 15,07 O/F = 5.636

l.00 300.00| 1875 81440| 262561 | 142253 | 0s4158] 672 | 0400024
1e08 285,71 1858 807al| 264563 142266 «5133 668 00034 | 04283 27247 2.187] De204 2443
1460 187430 1717 [ 75048 264579] 142377 «3939 &32 «00031 4891] 14945 1l.011 2621] T4l
1480 166,91| 1680 T36al| 260882} 142406 «3893 624 «00030 (" 14000 14347 1,000 4690 8243
2400 150400] 1645 T2248| 264834 | 142433 3853 616 «00029 | 14992| 1491 10007 aTAT| 89.1

10400 30400 1179 55440 264595| 142773 23442 493 000022 | 24149 175.9 241377 1s261) 15044
20400 15400 2645961 142901 e3322] 445 «D0019| 2+548] 135.8 34323] 14392] 18640
20041 14470, 1007 | 49548, 264596| 142905 #3319 A $00019 | 2¢560( 1864l 34368 | 14395 1664

-
o
P
N~
»
o
-
-

w

40400 Te50 864 | 44849] 264596 143028 3218 399 s00C17| 24947 19410 54282) 12494! 170842
40483 T35 459 AATe5| 2645%6| 143032 #3211 398 400016 | 24959 194e2 54356] 1e497| 17846
80,00 3475 T3 A0Ta6] 264596 143163 +3110 358 «00014 | 34358| 200.7 8500 14577 18840
100400 3400 695 39547) 264596 143205 s3078 343 +Q0014 | 34094 20246 909254 | 14600 190.8
200400 1450 EL L] 362e6| 264596 14334] 02983 303 s00012| 24233 207.8 166104 | 10662 198.2
300400 1e80 528 34548] 26e¢5967 le34ls 229341 281 eQ00L1 | 44204 2104 [216408( 145692] 20148
500400 e60f 463 32649 264595| 143509 0 28T7| 254 eDO010 | 44864 21342 304675] 1e726| 20349
800400 «37] 410 311s5| 264396| le3580 «2834| 231 200009 | 44916{ 2155 424731]| 14752] 209e1
1000400 30 386 | 30449| 264596 143608 2818 221 «00008 | 5.091] 21644 50s025| 14765 21045
1500400 2201 347 29348| 260596 143630 22794 202 s00008 | 54424 21840 6864633 1.784| 212.7

R = 5400s PERCENT FUEL = 124439 O/F ® 74046

1.00 6§7TaQf 27e397] 142496 | 043655 621 | ge000Q28 -
le05 6T1e3| 2Te398[ 1a2507 2640 627 «00028 | 0e2800 25140 2.200( Ge205 i2eh
1460 62327| 2T«403( 142601 «3523 583 s 00026 2885 137.2 le013 e624| &8.1
.81 61045] 274404] 142628 a3a93 573 2000231 14000 13644 k000 «69T| T6e1
2+00 60041 274504 142648 «3470 565 000025 | 1.085] 13&47 14006 + 750 818
1000 459,7| 2T7e406| 142941 3191 448 s00018| 24151 16045 24106| 14260) 137e5
20200 A1342| 27.406] 143064 #3091 AQ2 00016 | 24555 1693 24257| 14389; 15145
20441 41149 274406) 143088 «30°8 400 «00CLE | 24567 169a5 22301 14292] 151.9
4Ce00 373.6| 2T«40&| 143198 «2993 358 400014 | 24961 17845 Sala9| 1.489] 16245
40,83 37246] 274406| 143201{ «2990F 257 «00C14| 229731 17647 54221| 12492| 16248
80:00 380420 2Te406| 143335 42899 317 400012 | 3380 18244 B8e241] 14569, 17162
100.00 33066] 27s406] 143378 02871 305 «00012) 245319 18441 $e603] 14591 17346
200400 30440[ 27:44056f 143509 2792 267 «00010] 2+972] 188.6 154499 14651 180e2
3CCeCO 29045| 2T.%06) 143579 #2781 247 +00009 | 44232 190.9 2005401 1681 183e4
530400 2T7545| 2Ta4C6] 142649 +2T12 222 «00008 | 43628 19243 2943261 147137 18649
4CCa20 26244] 2T74406] 143697 + 2687 201 «00007) 44993 15542 ACoT4A[ 14739 18947
1020.00 o3 315 25841) 27.406] 143715 22677, 191 «N000T]| 54175 19641 AT74546]| 12750] 19049

1520400 22 202 24944 274406| 143740 22564 175 +000Q6 | Se 521 19748 $24359| 14788| 19249
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TABLE II.

- Continued.

FOR LIQUID AMMONTA WITH LIQUID OXYGEN

NACA RM E58AZL

THEORETICAL, ROCKET FERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TC 1500

(b) Combustion-chember pressure, 300 pounds per squai'e inch absolute; frozen

composition during isentropic expansion

Pressure |Static |Teaper- | Enthal~Holecular{Isen~ Bpecific|Abso- {Therasl |Mach Specifia Aras Thrust {Specific
ratio, pressure, ature, | oy, weight, (tropic heat, lute oonduc- |number, |impulse, Tatio, | coeffi-|tupulse,
Po/P N T, n, W3 exponent , cps |riscos tivity, I8 Tvacs € otent, I
1b/aq 1a.| ©K oal/g r cal _ |ity, 3 1b)(sec Op [{1b}{sec
abs @RS | nlgi--e) (aj{ses)
Jutoro- | (cw)(°K)
poises
R = Qsa0y PERCENT FUEL = 63959 O/F = 0564
1e00 300400] 1349 | 335042 13s316] 102956 | 006540 453 { 0400028
(114 285071 1934 | 334044 134316 | le2966 6524 A3Q «0003 0e273| 32642 2422&| 0e208 2%41
1460 187450y 1210 |326045] 13316 | 143053 «6381 421 «0003 0872 17743 le013 0630 883
Lleds 163420] 2171 | 3238,9( 13.316| 143082 06335 412 00034 | 14000 17640 1.000 712 997
2400 150400| 1148 |3221¢3{ 124316 143100 +6307 406 «00033 | 14072| 17643 1.004 2736 | 1059
10400 30400[ 772 | 29931| 134316 | 143421 «5855 309 200024 | 24149] 20447 20030 10258 17643
20400 15,00 646 | 291949 | 2124316 143530 «3720 272 100021 | 24569 225.2 34093 1le381f 19%.5
20441 14070 603 1291749| 12316 163532 3717 271 0002 24581 21544 34133 1e384| 19349
40400 Te50 538 | 285848 134316 | 1e3628 15617 237 «0001 20990 223.7 40023 | 1e476| 20648
40483 Te35 535 | 285Te%]| 12316 142620 3615 236 +00014 | 34012 22B¢9 Le808| lehT78| 20702
8¢ 00 3,78 447 | 28079 124316 | 143680 e5548 206 s00015 [ 3444T| 23046 Te629| 1e550| 21792
100,00 e 421 | 2T93+5] 136316 143696 5530 196 200015 | 299T| 23245 WeB63]| 143TL| 2204l
200400 1e50 949 | 275348] 124316| 143744 3A78 168 W00012 | A44083| 23747 144191
300400 le00 212 | 2733,.8 1.3768 15453 154 s000L11 | 44303| 24043 18744
500400 «60 271 | 271246 Le3798 «5427 136 «00010 | 4e721] 242, 264680
800400 37 238 | 26934T| 1243167 la38a2 «2377 122 «0000% | 5¢163] 24345 364978
1000400 30 224 | 26B640| 134316 le3871 «5348 115 «00008 | 3435L( 246404 434147
1500400 020 200 | 287342| 120316 | 143927 «5293 104 «00007 | 54707| 24840 57e266
R = 0430y PERCENT FUEL w 58467y O/F = 04705
le00 300400{ 1784 | 307529 144316 | 192623 | 0285808 535 | 0400045
1s03 285471 1766 | 306400 144516 ] 142830 46573 351 200046 | 0a279| 359%.6 24206] 06206
160 18TeB50] 1617 | 296645] 144516 | 142697 s 64A4 520 «00042 eB882] 19642 1,013 0626
le82 165¢20f 1574 | 293849 144516 | 142719 «6404| 510 «00042 | 1¢000[ 19540 14000 «700
2400 150400] 1541 | 271848| 14e3518)] 142736 +6372 503 «00061 | 12003 1935 14006 o751
1000 30400] 1074 ) 263245] 14e516( 142087 a584T 395 s00030 | 24149 22940 24090] 14260
20400 15400 911 2538451 14516 243201 03646 351 «00026] 24855| 24143 34218) 19387
20441 14701 906 [ 2535.9( l4e516| 143208 5641 350 200026 | 24568) 24147 B6261| 14390
4Ce00 TeB0| 768 | 245940| 14e516| 143335 ° 8474 311 600022 ) 24967 25144 5,064] 12486
40483 Te33 764 | 245649| 144316| 143339 +5469 310 $00022] 24979| 25147 5e134] lassg
80400 3:75 6hh | 229242| 184518 ] 143450 5338 273 200019 ] 342396| 25944 8407)( 14563
100.00 34000 608 | 2373,0] 14e516| 143482 +5301 262 «00018| 34539) 26149 943953 le584
200200 130 508 | 232042] 144516 143371 5203 228 «00016| &4003| 26842 15:125| le64h5
30000 1400 456 [ 229345] 14a516| 13609 5163 210 Q0014 [ 44292( 2713 200032| 16674
500400 60 298 | 226347] 144316 143650 «5120 188 s00013 | 44673 2748 28+600) 14705
800400 237 351 [ 223946] 144516 143683 +5086 169 2000121 34045| 27745 392755] 14730
1000400 30 330 | 222942 144516 13696 5073 161 «00012{ 5.228] 27847 460503] 1a741
1500400 °2 296 | 221149 144816 143717 #5053 146 #0000} 54575] 28046 61+880] 14759
R = 0¢60» PERCENT FUEL = 344195 O/F = 04845
ls00 300.00{ 2169 | 264345] 154708] 142400 | 066535 539 | 0en0032 .
1.05 285471 2149 ( 263041| 154708 142406 6523 635 800051] 00281| 381es 24193| 04208
1460 187e50; 1979 | 272042 1%4708] le2456 06416 602 400048 «889] 20847 14012 623
1480 166059 1933 | 2691¢0| 184708 142472 +6383 593 +00047| 14000 20746 14000 +693
2,00 150400] 1893 | 2662+6( 114708 142486 «6354 585 ¢00046]| 14091 208s2 14007 o708
10000 30400 1357 | 23370 154708 142750 5865 468 00033} 24151 24%.5 20139] 14262
20400 15400f 1163 | 2226¢6| 154708 le2838 25644 421 000030 2:548) 25%¢4 34328 10393
20441 14470] 1160 | 222346 154708 1a2892 25639 420 400030| 24560 25947 3e373] 1439
40000 Te50] 994 | 213241 154708 | 1la2024 «3438 37T 000026| 2:946] 27048 54291 10494
40083 Te 25 990 | 2229+5| 184708 123038 a5429 376 100026 24958{ 2Tls4) 50365 1e499
80000 3479 844 | 2051467 154708 143178 5249 336 400023 34¢356] 28042 84510| le3T70
100200 3400 799 | 202844| 1347081 143229 5194 323 s00022| 34492) 208248 9934 14601
200400 le50% 674 | 2196440 134708] 143248 «5048 285 «0001%] 3,933 290.0 164X14| 10662
300400 1le00 608 | 193141] 154708 143408 *49T7 268 «00027| 40206 29346 21s428] 1694
500400 +60] 533 ; 1894437 154708 L3479 «4901 239 «00015) 44568 297¢6 30.7T11| 1a728
800400 +37) 472 | 1864ek| 154708 143834 4845 216 sOCOIA| 40922 3048 424823 12755
1000400 3 445 | 185145| 154708 143555 24823 206 «00013] 5,097 302e1 5001627 1a766
1500400 .2 400 | 182948| 15708 143590 4789 189 200012| 5+428] 30h44 660899 14786
R = 0a70¢ PERCENT FUEL = 30434y O/F = 04986
le00 300000 2494 | 264440 164862] 142247 0e6824 709 | 0400036
1408 285¢TL 2472 | 2629¢8] 160862[ 142251 6414 705 +000%6 OIZ.ﬁ 39400 20183 08204 3542
1a60 187.50 2286 | 251147f 164862 142291 «6321 &70 00052 #8940 21645 14011 2620| 1073
1479 167436 2239 ] 248147] 164862 1,2303 6295 661 «00051] 140000 215¢4 14 000 4687 11848
2400 150000{ 2193 | 245248 264862| 162313 #6270 8§52 «00050] 14096 216e1 14008 »T46| 12940
10000 30400 1604 | 209540 164062] 1s2525 « 5046 330 s00039| ZeIBH 2562 2e27H 12264 21046
20000 15400 1391 | 197249] 154882]| 142643 +5638| " 481 «00034] 24545 27142 Ba418 14397] 24347
20041 14470| 1385 | 196945] 164882| 142648 05628|_ &80 200054] 20588 271e6 460 1a801| 24243
40400 74500 1200 ] 1867s2] 16e862| 142777 3422 435 «00030{ 24932 203,47 54473 1s503] 26040
Lt ] Te38 119% | 186443] 164862] 142781 -o35415 431 «00030] 24944 20440 3551 1+3506] 26045
80«00 378 1029 | ITT6e3 164862] 142922 058212 290 .oooqe 34328 29440 Be882 1589 2748
106200 3400 978 [ 17499 164862| ls2968 «5149 77 100025] Jea59 29649 10396 14613 2789
200400 1le5G 832 ] 167641| 144862| 1la3ill 4987 336 «00022] 1.880 3204e9 1Te002] 14678 29042
3000 10 7957 163042 164862] 143191 «4872] 315 00020 #4140 30849 | 224701 14711 2998
50000 «80 684 | 1595458 1648862 143283| 4AT69] 205 +00018| AchE4 313e4 | 324704 14747 302,1
300400 437 593 | 156046 154862( 143350 shése 261 400016 4481% 21649 454788 12775 307.0
1000400 30 560 | 154545 16s862! 143391 045653 249 400015| 44985 310845 530725 1.708] 3092
1500400 «20 5053 | 152000f 164862] 143448 245398 230 s00014] 34299 232140 T1e8a9 10308) 31247
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TAELE IT. - Continued THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500
FOR LIQUID AMMORIA WITH LIQUID OXYGEN

(b) Continued. Combustion-chewber pressure, 300 pounds per square inch absolute;
frozen composition during isentropic expansion

4663

Pressure | Statie Temper- | Enthel-{Molecular| Isen- Specific|Abso- |Therm=l |Mach Specific Area Thrust | Specific
ratio, pressure, |ature, | By, welght, tropic heat, lute conduc- | number,|impulse, ratio, |coeffi | impulse,
P P, T, k, I 4 exponent, cps; |viscos-tivity, M Ivec, & clent, I,
14/sq in.] ©OK cal/g r cal ity, s (1b) (sec) Cp (1b) (sec)
abs & (°K) B, cal/(sec) i) b

wicro- | (ca)(°K)
poises

R = 04809 PERCENT FUEL = 47401y O/F = 14127

€Q-4 back

1400 300000 2734 [2471e0| 170915 | 142349 | 0056272 762 | 0400058
105 285071| 2711 |245643| 174915 | 142152 06263 758 200058 | Ce284| 401sl 20177 | Ge203 3548
1460 187450| 2515 [2334e3| 17915 | 142185 06186 722 ¢Q0055 «897| 22043 14010 «63%( 1091
1478 168419} 2466 |2304e3| 174915 | 142194 «6166 713 400054 | 14000| 21943 14000 2684 | 120a3
2,00 150400} 2416 |2273e3| 17915 | 142204 ¢6143 703 «00053 | 14100| 220.1 14009 s Thh| 1312

10400 30400] 1790 [190040( 174915 | 1e2382 ¢5766 577 s00041 ]| 24155 2561le7 20200 | 10265 22249
20400 15400| 1564 [1771e2| 174915 | 102482 45578 527 «00037| 245437 2773 3471 | 14400| 24608
20441 laaTO| 1557 J176TeT}| 174915 | 1e24856 «5572 525 200037 | 2¢554| 27Te8 34519 | 16404 247e4

40400 Te50( 1359 165940 | 174915 | 142602 «5373 479 «00032{ 24924| 29045 54599 [ 1e508| 26548

40483 Te35] 1353 [165549] 174915 | 142606 «5367 477 e00032 | 24986| 29048 54680 [ 20511 26603

80400 3475] 1174 [1551e8| 174915 | 142734 «5166 433 200028 | 34311 301le4 9146 | Le596| 28162
100400 3400| 1119 |1533e4| 174915 | 142780 «3100 419 000027 34438 30445 10728 | 1e621| 28546
200400 le50 959 (14%3a6| 174915 | 142924 04903 375 s00024 | 24846| 31361 174662 | 2e68%| 29725
300400 1.09 874 |141244 | 174915 | 143009 «4796 351 00022 | %4096| 31744 234671 | 14722 30345
50000 60 776 |136547| 174915 | 143112 a4673 322 000020 | 44426| 32242 344253 24760 3104l
800400 37 693 [ 132Te4| 174915 | 143201 24574 296 s00018 | 4274T7| 32641 484133 | 14790 3155
1000400 «30 656 {13107 1T7e$15 | 143241 04532 284 ¢00017 | 44906| 32747 56572 | 14803} 317e7
1500400 020 594 [128246) 17915 | 143308 chas3 263 «00015 | 54207 33045 754868 | 14825] 32106

R = 0490s PERCENT FUEL = 44,099 OQ/F = 10268

A

1.00 300400 2877 [231945 184816 | 142093 | 066102 798 | 0400059
105 285471 2853 {23048 18e816 | 142096 +6094 794 200059 | 04285] 40leé 20174 j 0a203 35,8
1460 18750 2651 j2182e4 | 184816 | 1s2127 46023 757 200056 2899 220.8 14010 e618| 10%e2
le78 168454 2602 215248 | 18816 | 142134 06004 747 «00055| 14000| 219e7 1000 o682 12044
2200 150.00| 2549 [2121el| 184816 | 102143 s5984 737 200054 | 1e102| 2205 14009 eThis| 1314

10e0C 30400| 1904 |1744¢8| 184816 | 142301 05645 608 200042 | 20156 26247 20214 | 10266 22346
20.00 1500 1669 (161442 | 184816 | 142393 «546% 557 00038 | 24541 27847 34503 | 1e402| 2477
204l 14470| 1662 | 161046 184816 | 142396 ¢5664 556 000038 | 24553] 27941 34533 | 14406 248s4

40400 7450] 1456 [149949| 184816 | 142502 5278 508 400034 | 24920 2921 545672 | 16511 26740

40483 Te33| 1450 |1496e8| 184816 | 142505 «5272 507 200033 | 24931 29245 507355 | 1514 26706

8Ca.0C 3e475| 1264 |140045] 184816 | 142626 «5079 461 000030 ] 3¢302| 303e3 9¢300 | 14600 28248
100400 3400 1205 [1371e4| 184816 | 122669 «5014 467 200028 | 30427| 3065 106923 | 14626| 28742
20000 1450] 1039 | 128943 ] 184816 142810 «4814 402 000025 348238 31544 184057 | 1e695] 299e4
300400 1.00 950 |1256+7| 184816 | 142894 04705 377 000023 | 44072( 3198 246258 | 2eT2%| 20545
500400 169 846 (119843 | 184816 | 143001 4575 347 «00020 ) 40394| 32648 354206 | 1¢768) 31243
800400 «37 758 (115845 | 184816 | 143096 o 4468 320 «00019 | 44707] 3288 494600 | 14799 317e8
1000s0C 30 T19 J1141e2| 184816 | 13139 04421 308 200018 | 4¢862] 33065 584362 | 14812 32042
1500.00 «20 652 [111148| 184816 | 143212 s 4344 286 «00016| 52154 33304 TBo&22 | 14825 32442

R = 04959 PERCENT FUEL = 42769 O/F = 1339

1400 300400] 2913 {2250¢6| 194201 | 142079 | 026014 810 ;0400059
1405 28571 2889 |223640| 194201 | 142082 + 6006 805 200059 | 0e285| 400.0 20173 | 0e203 2547
1460 18T7450f 2686 [2114+5] 194201 | 1le2111 ¢5936 768 s00056 ¢899 21949 14010 o618] 108438
le78 168462] 2636 [2085e3§ 194201 | 102119 «5918 759 #00055] 14000 21849 14000 e681| 119.9
2400 150400{ 2583 [205347| 194201 | 142128 «5899 748 00054 | lel02| 21947 12009 a743| 13049

10.00 20e400| 1932 |1679¢7] 194201 | 142281 05572 618 200042] 24156 26149 2e¢217 | 14266| 22249
2Cs00 15400] 1696 [154947| 194201 [ 142371 +5400 567 00038 | 24541 2779 30512 | 14403| 24740
20s41 14470] 1689 |154641( 194201 | 102374 25395 565 s00038( 24552 2783 24561 | 1e406| 24746

40200 7e50| 1481 | 143349 194201 ) le2476 «5215 517 000034 | 24919! 29143 5s691 | 14512 26603
40e83 Te35| 1475 1143248 194201 ] 1e2479 +5209 516 «00034&( 24930] 29147 5¢774 | 14515]| 26608
80400 3475| 1287 133647} 194201 | 142598 «5019 470 400030 34300 30246 94341 | 14602| 28240
100.00 2400| 1229 [130Te7| 194201 ] 142640 «4956 455 400028 34425] 30548 104974 | 12627| 28644
290400 1s30| 1060 j1225¢4| 194201 | 142780 «4758 410 s00025] 34823| 3146 184161 | 14696] 2986
300400 1400 970 {1183e1] 19201 | 142864 24649 385 400023 4#4066( 31941 240414 | 14731] 30448
500400 260 864 | 113446 194201 | 142970 4519 355 «Q0021| 4e386( 32441 354461 | 14770 31146
890400 «37 TT5 [109448] 190201 | 143066 h&10 328 200019| 44697 32841 494995 | 14801 317a1
1000400 +30 735 (10774 | 194201 ] 143110 ¢4363 315 s00018| 44850| 32949 584846 | 14015] 3195

1500400 «20 667 1104749} 194201 | 143185 4284 293 s00016| 54140] 33248 T9e¢11T | 14837] 32345
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TABLE II. - Continued. THECRETICAL ROCKET PERFORMANCE AT KSBIG!ED PRESSURE RATIOS FROM 1 TO 1500

FOR LIQUID AMMONIA WITH LIQUID OXYGEN __
(b} Continued. Combustion-chamber pressure, 300 poudds per square inch sbsolute;
frozen composition during isentropilc expansion

Pressure | Stetia Tenper-| Bathal-|Molecular {Isen~ Specific|abso- '.ﬂur-l. Mach Speaific Area Thrust |Specific
ratio, preasure,|ature, | DY, weight, |tropic heat, ITLTY conduc- . | number,| izpalse, ratio, [ coaffi-] ingulse,
P./P P, T, b, _ axpouent, cpr |viscom- tf.ru:;r, X, Tyacs & cient, I
Ihé:: io.] ok aalfg r ol |1itys R L_&_)L’b
TTORT | ® cﬂ; neg
; wtero-
poises _
R = 14004 PERCERT FUEL = #1451 O/F’l.‘-__ll‘ﬂ’_ — =
: N b s s -
1400 | 300400 2920 |218567 | 19¢542 [142072 |045924 | 817 (0000039 '
108 205071 | 2504 (217123 | 194542 r1e2078 813 «00058 | De285) 3975 20172 | Cs 202 35.5
160 18750 2700 |205143 | 194542 (142104 175 00055 a899( 218e8 le010 2610 | 108.2 .
1,78 168467 2650 202245 | 190542 | 242112 766 00054 § 10000 21746 1.000 0861 | 1192
260 150000 | 2597 |199142 | 194542 142121 %6 00(?054i 1¢102| 21844 1:009 €743 | 130s1 —_
1010'0'4 3Q400| 1945 |1621¢7 | 194542 | 142271 625 000051‘ 24136 26044 20219 | 10266 | 22143
20900 154001 ITOT [149341] 19542 142360 573 e00038 | 24541; 27603 34516 | 14403 | 24545 -
20441 14070 | 1700 |148%46 | 294542 | 102363 371 s00038 | 24552( 2767 34565 lek06 | 2461
40.00 Te501 1492 113805 | 190542 | 242463 523 «00034 ] 20918, 28946 54700 | 1e513 ] 26447
40483 Te38| 1486 (137Tea | 194542 [ 102467 522 +00033 | 24929 27040 54783 14315 | 26542 T
80.00 3e75| 1298 (128243 | 194542 | 12584 4952 478 +00030 | 3¢299] 300¢9 94360, 14402 [ 28004 —_
00400 3e00) 1239 (125345 | 194542 [le2628 14890 450 400028 | 34423§ 304l 10.’99. 108627 | 284408
00400 1430§ 1070 (127242 | 194542 | 142764 «4895 416 400025 [ 34821{ 31249 184211 | 1¢697 | 29740 .
300400 1400 979 |113040 | 194542 | 102849 04587 390 200023 | 44063 31Te4 124,489 ] 14732 ] 3031
500.00 260 872 (108250 | 19542 | 142955 4458 359 +00021 : 4382 32244 [334585 30949 _
80000 37 T83 104253 | 190542 | 143081 +4350 382 000019 | A4692) 32644 50s188 3154
1000400 30 T43 (102542 | I9¢542 | 243095 4302 sig 00018 | 4e844] 32841 594083 3178 .
1500400 020 674 99640 | 192542 | 143171 04224 297 ¢00026 | 541337 331.0 792460 321.8 =.
R = 1al10» PERCENT FUEL = 394229 O/F = 14550 R __
1460 300400 | 2913 1206647 20¢113 [ 142075 | 0e5750 823 (0400057 bkl
1408 285471| 2889 | 205247 204113 | 142078 W3743 a1s 200057 ( 0e285; 39049 24172 | 04203 34,9 -
1460 187450 2586 | 193648 204113 | 12107 08677 780 400054 4899 21409 1010 o618 10643
1e78 168s65| 2637 |190849 ] 20e113 | 142115 «5660 771 500053‘ 14000] 21349 1.000 0681 11742
200 150400 2583 [ 18787 | 204113 | 142123 a5641 761 200052 14102 21407 14009 0743 | 12749
10400 30000 1924 152146 204118 | 142274 43382 629 000041 | 2¢156) 25640 Re218 | 10266 | 21Te0 _
20400 15400| 1697 [1397e4 | 204113 [ 142363 +5169 577 000037' 2e541) 27146 34514, 14403 ] 24143
20442 14070( 1691 [139440| 20,113 | 142366 05164 573 «00037 . 24552| 27240 ! 854564 ] 14406 24149 -
40400 Te50| 1483 (128846 204113 | 102466 |. «4994 526 9600931 24919| 28447 56971 14512 2602 * -
40083 Te38] 1477 [1268344] 204113 | 1425470 s4988 525 | #00033; 2930 54780 14518 2607 —
8000 |, 3e75| 1290 | 129207 | 20e113 | 102587 04800 ATS s00029} 3299 9e354 | 14602 | 27556
100400 3400| 1232 [116640] 204113 | 142628 «4ThS 463 «00028 | B4424; 29849 104992 | 14627 | 28040 -
200400 1e50| 1063 | 108745 | 204113 | 142766 44559 413 «00024 ( 34822| 30746 184199 10697 14 -
300400 ls00 973 [ 104647 | 204213 | 142850 04458 393 s00022] 44064 31240 24e472 | 10732 -
500,00 060 867 | 100043 | 204113 j 142956 «4330 362 000020 | 44383 326.9 354559 | 1.771| 304
800409 37 778 96242) 200113 | 143082 4225 334 400018 | 44593 32040 504151 | 1e802) 31040 .
1000400 a30 738 94544 204113 | 143096 4179 322 000017 4¢846] 32245 395040 14815 31244
1500400 020 670 91T7e3| 206113 | 123172 «4103 299 000016 52135 32B44 |T90401] 14838 31643 .
. R = 1:200 PERCENT FUEL = !7.16. OIF = 1s691 ] = s
1400 300400] 2871 | 196042 204593 | 1e2007 | 045589 822 0000056 ..
1408 285471 2047 | 194647 204593 | 142090 o5582 ais «00055 | 04285 383.5 20173 | De203 Bhe2 —
1460 167650| 2646 ( 183341| 204593 | 102120 05517 779 00052 89 21048 1e010 «bi8| 10423 .
178 168457 2597 | 180842 | 204593 | 1a2128 5500 770 400052 14000, 209.8 14000 +681] 11540 i
2400 150400] 2545 | 177942 | 204393 { 142126 «3483 760 «00052| 14102| 21046 14009 aTAN | 125.3
10460 30400} 1902 { 14359 20593 | 142291 «5177 627 s 00040 énl!ﬁ 25140 24215 14266 21346 -
20400 15400] 1668 | 131606 204593 | 122381 «5019 575 cQOO!6L 2e541] 26642 3050T] 1e402] 25646 -
20041 14e 7G| 1682 ] 131348 204593 | 142383 5014 573 «00036 " 2455 26646 Be557) le4Q6, 23742 -
40400 Te50| 1457 | 121242 204593 | 142486 ah8aé a3s 400032 24920f 27961 546827 Le512] 29541 -
40483 Te35| 1451 | 120944 | 204593 | 142490 k4] 523 «a00032| 249311 27944 5sT65| 1le515, 25946 -
80400 375! 1263 | 122143 ] 2064593 | 122607 ahb67T 476 00028 34301 289e2 #0322| 14601 27042 .
100400 2400] 1208 { 210942T| 204593 | 162849 *4608 4581 «00027| 24426] 29249 104952 { 1la626| 274sd —
200400 1e50| 1042 | 1019+5| 204593 | 142787 o427 416 «00023[ 34026 3014 18a117| 10895, 28841 -
300400 100 953 | 980e6| 20593 | 102870 | o4327| 392 | «00022( 44069 305.7 |244354} 14730 29240 -
500400 «&0 849 93642 200593 | 142976 «4207 360 «00019 Al!QO{ 31064 356368 1e76%| 29005 -
800,00 o3T|  TEL | 899.T| 204593 ] 143071 | 4A107| 332 | 400018]| 44701 32443 1494859 14208 30848 -
11900400 «30 T22 88348| 204593 | 143114 |  +8064 319 200017 4eB833] 313,9 584683 le8)4| 30640 =
1500400 020 655 854628) 204593 | 143189 ¢3991 297 «00013) 5¢145 318.7 T8e09A! 1,836| 30%:8 -
R = 1,50s  PERCENT FUEL = 32a12+ O/F = 24114 . - A
1600 | . 300400 2728 | 169844 214784 | 122233 | 0s5189 409 | 0200051 [ =
1.0% 285471f 2705 ) 1685643]| 21,784 } 142137 «5182 808 «(0051| Oe28A4 38344 20176 0e209 32e4 -
2480 187450) 2510 | 150642| 216784 | 142163 #5120 767 «Q0048 aB!lI 19946 1.010 L . ~
178 168¢29) 2662 | 156147 224784 | 142177 «5}103 757 «00Qa7 :1.000; 198.7 1s000 3
2400 150400 2412 ) 153641 212784 | 142186 «3085% TAT +00046] 14100 19944 12009 +TAA]| 128.? - - -
. e . R =
10400 30400| 1792 | 122943 21784 | 1423558 4786 614 000036| 2415 23742 26204 1e365] 20240 - -
20400 15400) 1567 | 122342 212784 | 142449 14638 361 +00032| 24543 251e5 3¢481] 14401 22347 -
20041 14470, 1561 | 1120,3| 214784 | 142452 04633 560 400032| 24584 25149 38530 1e404| 22403
40000 7450, 1364 1 103006 214784 [ 142560 A&T6 511 «00029; 2492 26345 52625 14509 24141 -
40483 Ted8| 1358 | 102841 2147084 | 142564 +4471 309 | +00029 Re9235; 26348 50706] 14312] 241¢3
t 80400 875 181 95043] 214784 | 142683 #4312 463 «00028 (. 34309 273.5 90203 1-59! 253.1 .
\ . - ) i ! -
100400 3.00| 1l26 92648, 214784 ] 1,2726 s4250 448 «00024| 3,435, 27644 104802 1-623 25%1 .
200400 1450 964 86047| 214784 | 142864 +4097 403 00021 ..!.MOl 28442 174821] 14891 27040 - z
300.00 1400 e84 826a5) 214734 ] 142946 44008 378 «00019 _‘MOGII 28862 2349160 147251 27343 -
50000 +80 88 78Te6] 210784 ] 143050 43904 347 s QQ018| &a41 29246 341666 14763] 281.5 —_ -
800400 37| 703 T55e7] 214784 | 143140 3817 320 00016 l“‘_;7! 29641 48aT0T| 14793 28604
1000400 .3 666 T41e8| 214784 | 143182 3779 308 +00015| 400887 2977 57:379 14807| 28845
1500000 €2 604 T1843| 214784 | 143254 3715 83 400014] 34183 300.2 T74028] 14829] 2%240



4663

NACA RM ES8A21 29

TABLE II. - Continued. THEORETICAL ROCKET PERFPORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500
FOR LIQUID AMMONIA WITH LIQUID OXYGEN

(b) Concluded. Combustion-chember pressure, 300 pounds per square inch absolute;
frozen composition during lsentropic expansion

Prassure |Static Tesper- | Enthal-|Kolecular | Zsan- Bpecific|Abso- [Thermal |Mech Specific Aren Thrust | Specific
jratio, yressure,|ature, | By, weight, |trople heat, lute fconduz~ |nomter,| impulse, ratio, [ coeffi- irpulsa,
r.fP P, y b, ¥4 | exporent cp, |viscos-|tirity, ¥ Iyncs [ cient, I
lb{;: iz. calfg T cal 1ty, x, ) gm!é-.e! 1b}{sec
oK) | ws  jeatfisec

miaro- <;ﬁ°n
Doises

R = 2400¢ PERCENT FUEL = 264194+ O/F = Z.818

1le00 300400| 2515 [13%140| 234307 | 142208 | 0a4T14 783 (0000045
14058 2@5¢71| 2493 (138026 ) 234307 | 142212 2AT0T TTa «00G45 | Da283
la60 187450 2209 [12%%e4 | 224307 | 202240 sA6A3 740 «00082 895
Le7 16781l 2262 |127247| 234307 | 142260 o4526 730 200042 | 14000
2000 | .150400| 2216° |1251,3| 230307 | 142270 24608 720 400041 | 14058

24191 ] 04204 20a1
1e010 +620 1.7
14000 | 2686, 101:4
l.008 «745] 11042

16400 30400| 1630 98941 [ 234307 | 142453 04325 | 588 400032 | 24155
20.00 15.00] 1419 89941} 234307 | 142558 s4185 536 s00028 | 24545
20441 14,70 1413 89626 | 284307 | 142562 shlBl 534 200028 ; 24526

20186 | la264| 1870
35440] 1a399] 206,9
34487 | 1aA02| 20Te4

40400 Ta50| 1229 821640} 234307 | 142673 o 4042 486 000025 | 24930 52535 | 145306] 22247
40283 Ted5| 1224 818a8 | 234307 | 142677 «4038 435 000025 | 24942 54615 | 14509) 222.1
20.00 3475} 1059 75345 | 234307 | 142802 «3896 439 000022 | 3,322 9s020| 14592| 23545
100400 3:00) 1008 73348 234307 | 1.2045 3850 424 000021 | 34450 106572 1417 2391
200400 150 862 67846 | 234307 | 242980 23718 380 +00018 | 3e8E4 174371 | le&83| 249,0
30000 1«00 785 §5042 | 234307 | 143061 23638 ase6 200017 | 44117 230257 | 1eT17| 25349
500400 60 695 61840 | 234307 | 143159 #3552 326 «Q0015 | 44a52 334613 14753 25%43
800400 a37| 620 59146 | 234307 | 143247 o3478 299 *00014 | AsT77 ATe191| 1eT83| 26347
1000200 230 587 58062 | 230307 | 143287 « 344T 287 «G8013 | 44933, 55:438 | LeTP6] 26546
1500400 .20 531 56049 | 234307 | 143354 43394 266 000022 ! 5.242 THa282| 14817 26848

R = 34009 PERCENT FUEL = 194133 O/F = 4,227

1.00 300400| 2163 102447 | 254320 142354 | 04319 | 727 0400037 -
1s05 283.71] 2143 [10]6e4| 256320 | 142359 ahl12 722 «00037 | 04282§ 30040 264189 0a204| 2602

1480 187450| 1976 F48e4 | 254320 | 1a2402 24053 685 200034 «891]| 164.3 0822 018
1a80 16692 1932 | 930¢6| 254320 | 142415 «4035 | 675 400034 | 14000 16344 0691 90e5
2000 150.00} 1892 914e5] 252320 | 142427 «4019 | 645 00033 | 14093| 16349 s TAT! 9Te%

10.00 30+00f 1368 T10el| 284320 | 142641 3757 536 400025 | 24154 19347
20400 154007 1180 | 64049 | 25320 | 142751 «2638 483 00022 | 24549 204e8
20041 14eTQf 1173 | 639s0) 254320 ) 162754 03634 |  AZ4 400022 | 24581} 20541

10263] 16545
14395] 182a8
le398; 183s2

40:00 Te50; 1014 58143 | 254320 | 142874 23515 438 200020 24942, 21440 1le499 ! 1%6eé

4083 Te35| 10X9 57946 | 254320 | 1e2878 3812 | 437 400020 ] 24954 21443 1s502] 1968

80400 36758 856 5302 254320 | 143003 «3398 398 400017 | 3s3A5| 22147 14583 207s4
100400 3400 822 51564 ] 254320 ) 103045 «3361 | 379 00016 | 34478] 22348 104183} 1s607| 2108
200400 La50] 698 47442} 250320} 143180 «3253 337 s000124 | 34906, 22948 168615} 14671 21849
300400 1e00| 632 | 433.0| 254320} 143259 23193 314 00013 | 40169 23247 | 224257| 2a702| 22340
500200 2460, 557 | 4292 | 250320 | 143354 3125 285 «00012 | 44518| 23640 316869 | 1e737] 22746
800400 37| 494 | 4099 250320 | 249435 3070 261 400011 4¢858| 238456 | 442547 1e765| 23143
1000400 030] AST | 401a4| 254320 | 143473 23044 250 «00010 | 50026 2397 5264227 1e7TT| 23249
1500.00 020f 420 | 38Te3| 254320 143533 +3008| 230 s00009 | 5¢345; 24146 69sT32| 1797 235.5

R = 44000 PERCENT FUEL = 15,079 O/F = 5,638

1400 30000 1875 BlheQ| 264561 142489 | 043754 | 672 [0s00031
1408 28571 1857 | 80741 2645861 | 142494 «3TAT &67 400031 | 04280] 27246 20198 00205 2443
1.60 187450) 1706 75140 264561 | 142545 «2688 | 631 2100029 48387 14940 14012 624 ThaO
1l.81 166s11; 1664 | 735,58 264561 | 142559 «3672| 621 ¢00029| 140 OI 148e2 10000 4695 3248
2400 150000] 1630 72302} 26581 | 142571 +3658 612 400028 | 14088 14846 1.007 1 T749| 88.9

10.00 30400] 1160 55645] 264561 [ 142804 #3417 | ass ¢00021| 24153 17449 24126| 14262 1497
20400 15,00 994 5008 264561 1e2923 a3308) &40 200019 | 24553 18447 30304 1e392, 1651
20041 14e70] 989 49%942) 264561 142926 #3305 439 20001% | 24585 18449 3a349| 14393 16343

40400 7-5q 848 A5341} 2643611 143048 +3203 395 200016 | 20953 19248 54250| lad%4] 177e2

4Ge83 Te35 844 | AN148| 264561 ] 143052 «3200 393 «00016| 24965 192.0 5¢324| 14497 1778

20,00 3.75 719 | 412e5| 266561 143182 «3100 352 «00014| 34365 1994 Beha5| 1376, 18667
100400 340 681 4005 | 264561 | 143225 +3068 338 «Q0034| 34502} 20163 FeB5T| 1e598; 13%a4
200000 15 574 36844 | 264561) 143360 02975 299 +00012) 34942f 20645 154988 14660; 19649
200200 100 518 35149| 26s561| 1a3434 22927 277 s00011! 44215 20849 214247| 14690| 20045
50C«00 +60] h5h 33343| 260561 ] le3528 +2870 251 a00010| 44578] 211s7 300433 ) 1e724| 204a5
800,00 a37] aQ1 318e3| 264561] 143593 +283Q 228 *000C9] 42931 214e0 42393 | 1e751| 20747
1000400 239 378 31le8| 264561 | 103619 «2815 217 400008 | 54107 214s9 494612 | la762| 2090
1500400 20 339 30160 264561 | 143659 «2793 199 00007 | Beb4l] 21645 666074| Ls781| 211e2

R = 5400 PERCENT FUEL = 124439 O/F = 74046

1000 300400 1640 6TTeQ| 270397 | 142611 | Ca350A 521 10400027 l

1s0% 285.T1 1624 6TLled| 2Te297[ 142617 34T 617 +00027| 0e2 ) 231s0 24205 0208 244
1460 187450, 148 62348] 27397 ] 142671 a3h4] 582 00025 +883; 13740 1,013 525 £8s1
1s81 165438, 1448 510e4| 274397 ] 1le2688 03424 572 00025 14000, 136s1 1¢000 699 Téed

2.00 150.0 1418 60063 | 274397} 142701 43410 564 200024 1.084! 13645 14006 + 751 8le7

10,00 30400 998 46006| 274397 | 142949 «3185 446 s000187 20152 160a1 20103) 14261| 1372
20400 15400 (L1} 414e3| 270397 | 143071 #3007 400 *00016 24557, 16849 34252 1e389, 151e2
20041 1470 844 | 413,0] 27e397] 143075 «308&}] 399 +00016] 24568 169+l 34295] 10392; 151e6

4£Ce00 7.50! 719 37560 27¢397] 163204 +2989] 357 | 00014} 24963 1T6el 5a140| lad39, 1621
ACa83 Te35 7153 373.9| 27e39T7| 143208 22987| 1355 «00014 21975: 17623 Se211| la492] 16204
8000 3.75i 606 341e8| 27439T| 143341 22896 26 ¢00012} 34382 1820 86225| 14569) 17048
100.00 300, 3573 332a2] 274397 | 143383 #2868 302 «000I1 3522 183e6 Sa584] 14591 17302
200,00 1.5 479 143515 «2789 266 +00010| 3497 188.1 154866 14651 1797
39€.00 le0 A3l 1e3584 02749 245 200009 4425 190e4 | 200498 14580 28249
590400 o6 376 27745 «297| 143652 22711 221 sQ0008| 4462 1923 294258| 1a713| 18644
800490 «37) 332 26545) 274297] 1436%9 +2686 200 $00007] 40998 19448 | 404647] 14738] 2892
1000.00 3 312 260e3] 274397| 143727 02677 150 00007 501‘4 19506 470533 | 14749 190e5

1500400 a2 280 251e8] 274397 123741 02684 174 200006 50525 19740 | €54206]| 1s768( 19244
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500

FOR LIQUID AMMONTA WITH LIQID OXYGEN

(c¢) Combustion-chamber pressure, 600 pounds per square inch absolute;
equilibrium composiftion during isentropic expansion

Pressure |Btatic Temper-| Pothal-|Kolecular |Isen~ Specific|Abso- |Tharmal | Mach Bpecific Arem Thrust [Bpecific

ratio, pressure, |ature, | Py, weight, |[tropic hest, lute equduc- | number, | Lampulse, ratio, | cosffi| Ipulse,
Po/P P, T, b, M expooent, cp, [viscon-| tivity, x Ivac, . clent, L
1b/sq 1n.{ ©K oalfe Y cal ity X, (ugéncl [ -(L"ié&).
aba TEI(oxT | & c::{(ne) .\
wicro- | (cm}{ox}
poises

R = 04400 PERCENT FUEL = 63-955*_O/F = GeS64

le0d 600400| 1349 1335062 134316 | 142956 | 046540 453 | 0400028
le08 5T1e43| 1334 [ 334044 134316 | 142966 06524 | 450 ¢00038| 08275 32662 24226} 0e208 2%.1
1460 375400| 1210 | 326045 134316 | 143052 6381 421 400035 4872 1773 le015 06301 8843
le8A | 326¢41| 1171 | 323549 134316 | 143082 8335 412 #00034]| 1+000| 17640 200001 o712 9947
2400 300400] 1148 | 322143 13e316 | 143100 «6307| 406 300033 14072| 17643 1e004| 2756 105.9

10400 60000 772 | 299341 | 134316 | 103421 5838 309 000024 24149] 20447 24030 14258 176e3
20400 30400 648 | 291949 134316 | 143530 5720 272 400021 | 20569 21542 30093 1a381| 1938
20041 29439 643 | 291T7e9| 134316 ] 143532 5717 271 400021 | 20381 21544 35138| 14384) 19349
40400 1%5.00 538 | 265848 134316 ] 143617 5618 237 500018 24998 22347 44823 14476 20608
4083 14470 535 [ 28570l | 154316 | 1,3819 05616 236 000018 ( 34011| 22349 £0868| 10478 20741

80000 7450 447 1280749 134316 | 143680 3547 206 400015 32447| 23046 Teé29) 14550) 21742
100400 64007 421 | 279345 134316 | 143696 #5530 1se 400015 | 34597 23245 $4863) 14571] 22041
200400 3400{ 349 | 275348 134316 | 143748 25478 168 «00012 2377 & 14826] 2278
300400 24000 312 | 273348 | 134316 | 142767 5454 154 +00011 24043 14653] 23146
500.00 1220] 271 | 2T1146| 134316 | 143793 «5427 136 00010 24342 1e682( 235,7
800400 «75 238 1269947 133168 | 143842 «5377 122 «00009 2435 360978 14705 239.0

1000+00 - ab0| 224 | 26865e0| 134816 ; 143874 8344 115 +00003 24684 | A3e107| 1aT15| 24044
1200400 40 200 | 26732 | 134316 | 143925 25294 104 00007 24800 5702686] 10732] 24247

R = 0e50s PERCENT FUEL = 5B467¢ O/F = 04705
1400 600400( 1784 [3075:9] 144516 | 142618 | 046602 555 | 0000046
le08 371s43| 1766 | 3064.0| 144516 | 142626 '56585 551 s00046] 04279 3596 20206] 04206 321
1460 375400| 1617 | 296645 144516 | 142696 56448 520 100042 +B82| 19643 1013
le.82 330e41| 1574 | 293849 146516 | 142718 + 6007 511 000417 14000| 1950 14000
2,00 300400} 1542 | 291843 144316 | 142735 28375 508 +00041( 14003| 19523 14006

10400 60400] 1073 | 263244 144516 143057 45847 394 000030 | 24149] 22940 24090
20400 30400] 911 | 253804 144516 | 143200 o+ 3646 35) 400026 24553] 241.3 34218
20441 29¢39] 906 | 253548 14316 143205 5641 350 400026 | 26567 24147 30261
404200 15,00) 768 |245849] 144516 | 143335 «54T4| 311 400022 24967 25144 54065

40483 144701 764 | 245647 144516 | 143339 25462 310 000022 | 20979( 23147 Sel34 1)
80400 7450 644 |289240| 144516 | 143450 5337 274 100019] 34396 25947 8e071| 1563 24329
100400 6400 608 | 237249 | 144516 | 143482 5301 262 200018 3453%] 26240 9.396] 1.308] 2074
200400 3000 508 [ 2220s1] 144516 | 143571 5202 220 00016 44003] 26842 18¢126f 14645| 25644 -
300400 2400] 455 | 22934 144516 | 143609 «5162 210 «00024 | 40292 27163 |204033] 146T4| 26009
500400 1420] 398 | 226345| 144516 ] 143649 5121 188 s00013| 44673] 27443 284602| 20705| 26549
800400 «75 351 | 223945] 44516 | 1e3682 «5087 16% ¢Q001Z| 50045) 2775 39.757| 14730| 26940
1000,00 «60f 330 2229¢1] 164316 | 13697 «5072 161 «00011| 34228 27047 [466508] 1.741] 27144
1500400 140 296 | 221147| 144316 | 143713 03054 46 400010] S5¢5T6| 20065 [610804| 14759 2T4e2

R = Qeb0y PERCENT FUEL = 54419 O/F = 04845

1e00 600400] 2171 | 284343 154710 12352 | 046700 640 | 0000053 .

1403 S57le43! 2151 | 203041 154711 | X42361 16678 636 s00052| 04282 38leé 24191 04205| 34,1
li60 375400| 1983 | 272042 154714 | 142422 o6486] 403 00049 «890| 20849 1.012 0622| 10346
le80 333,38]| 1928 | 26909 | 134718 | 142431 «6040 594 s00048| 14000( 2077 12000 «692) 115.2
2a00 300400 1898 | 26653 | 134715 | 142469 «6399] 386 e 00047 14091| 208e4 1s007 aTAB| 124,58

10000 60400 1361 [253640] 154716 | 142746 +5870] 469 00035} 221511 245.8 24140 1e262| 21021
20000 30000 1169 | 22253} 154716 142883 e5650| 422 | sp0031] 24548 259.7 34330 14393| 23109
20641 29039 1164 | 222262 154716 | 142887 «5643 421 00030 24560 2600 Be375; 14398 23243
40400 15400{ 998 |213044| 154726 | 143029 «5439| 378 400027 249451 2711 50295 14496{ 249}
40483 14470) 993 | 212749 | 154716 | 143033 #5433 3?77 100026 | 22957| 27144 54369 10498| 24945

30400 Te30] 84T | 204%9¢7| 152716 | 143171 #5252 337 000023 34355 28045 84518) 1e578] 26248
100400 6400[ 803 {202645] 15,716 12,3213 #5197 324 «00022| 3a4%91( 20342 Fe243¢ 14601| 26640
200400 3000 676 | 196148] 184718 | 103340 +3050] 286 400019 | 34932| 290.4 16¢131] 14683| 27740
300400 2400 611 192848 154716 | 143404 4979 265 s00017( 42205| 29440 21e448| 1e694| 282,1
500000 1e20 536 | 109191 154716 | 143476 24902 239 400016 | 4e565( 29040 300TA%| 14728 28748
800400 o75| 4T4 | 186149} 15,716} 143581 4845 217 200014] 44919 30142 4264879 1755 29243

1000000 50 447 | 184849 15,716 | 143852 24824 207 -pﬂois 54094 30245 504228 1a767| 29442
1500.00 #40f 402 182741 154716 | 143588 24789 190 200012 3¢425; 3048 6649911 1aTE6| 29Ted

R = 0270y PERCENT FUEL = 504349 O/F = 0.986

1.00 600400| 2503 | 264440 164876 | 142088 | 0»7252f 711 | 0800062
1405 571e43| 2483 | 262947 164879 | 102069 27198 707 00061} 0¢285| 39543 24175) 0e203 35.8
1a60 375400] 2309 | 251140| 264898 | 142167 «6770 674 400056 0897| 217.4 14010 o619 1076
1,73 3364230| 2265 | 2481e7| 164901 | 142192 6680 665 4D0054| 14000 21643 14000 ¢683| 118.9
2400 300+00| 2219 | 243146 164904 | 142216 06393 657 o 0053 214099 21741 1a009 aThh]| 1294

1000 60200 1633 | 200943 164918 | 142499 +5879| 536 200039 | 241581 25T.7 2o184| 14263] 219:7
U 20400 30400] 1428 | 198543 164916 | 142619 ¢5661 487 | «00035] 24542 27248 30428 14397 24340
- 20641 29439 1432 [ 196149 164916 | 142622 45655 486 e00035]{ 245393| 273,2 344T6| 1e401| 243448
40400 15400] 1224 | 185749 164916 | 142750 25447 | 4hO +0003a] 24928 28545 530502 24504| 26106
40e83 14470] 12219 | 1854¢9| 164926 | 142734 a544) 439 400030 24940 2858 5¢380| 14507| 26240

B80e00 TaB0] 1031 | 17658 1649167 142093 8226 396 800027 34323] 29549 04936] 24350 27643
100¢00 IQ.OO 999 | 173848 | 164916 | 142940 #5171 382 400025 | 34453 29849 106663 1e824| 28047
200400 3000f 851 {1863¢3| 164916 | 143083 54906 341 200022( 3+872| 307.0 14630 29201
300400 2400 , 773 | 162446 164916 | 1431264 0h888 318 200020| 44230( 31241 14712 297¢8
500400 1e20{ 683 | 158)140| 154916 | 2432%7 +AT81 2990 «50018] A4AT2| 315.6 1aTA%| 30442
800400 «75| 508 | 154544 | 164916 | 143334 chb90 265 200016 44805 319.2 1e778| 30%:2

1000400 80 575 | 152949 164916 | 143369 662 254 o00016| 44970 32048 5462247 1e790] 31144

1500400 40| 518 | 1503a9| 164916 | 143426 4604 235 50024 34201 32344 |T2e546| 1e811| 31540
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TARLE II. - Continued.

(c) Continued.

FOR LIQUID AMMONIA WITH LIQUID OXYGEN

THEORETTICAL. ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500

Combustion-chamber pressure, 600 pounds per square inch absolute;
equilibrium composition during isentroplc expansion

Pressure | Btatie {Temper~ | Bnthal- |Kolecular |Isen- Specific|Abso- [Thermal Specific Ares Turust |Specific
ratio, |pressure,|atwre, |ypy, veight, |[tropic |Leat, lute |conduc- jounter,}impulse, | ratio, | coefri-|iwpuise,
Bo/P P, y n, & lexpoment,i oy, [viscos-|tivity, K Ivwes [ eient, I
b/sg ta. cal/g T cal 1%y, X, (LbHuc) E&El
ats 0 oy ut-l,{(m)
wlcro- | {cu) (%K)
yoises
R = 0804 PERCENT FUEL = 47401l¢ O/F = 1,127
100 60Ca00| 2760 |24T71a0| 174957 | Le1740 | 048755 767 | 0s00078
1e05 571e43] 2741 [2456e2} 174965 | 1a1750 08653 763 «000TT | 05289 40340 24186| 0a201 35.%
le60 375400| 2580 (233244 | 180024 | 1o 28AT 27831 733 «00067 €507| 22245 1.008 s5141 1098
le 76 340e0L( 2542 |230448| 184035 | 1e1872 27659 126 400066 | 14000 22146 1.000 1673 | 1203
2400 300400] 2493 |2270¢1 | 184043 | 241904 s 7451 717 ¢00063 | 14109] 22246 1l.011 s740] 13242
1000 60400| 1891 |1883¢3 [ 184113 | 142283 25932 597 200044 | 2414T] 26641 20233¢ 1e265] 22641
20400 30600 1638 {174845( 104116 | 122400 «5673 547 «00029 | 24531 28243 34531| 1e403| 25007
20e41 29439] 1652 174448 184116 | 1e 2403 «5656 545 a00033 | 24542 28247 34501 14A06| 251a4
40400 1500| 1447 |16306) 282116 | 142516 +5458 498 00034 | 2,909 296.0 5a712] 1e513| 2704
40083 14470 14&% [1627«3] 184116 | 142519 +5482 497 100034 | 24920] 29643 54795 14316 27049
80e00 Te50] 1255 |152840| 184116 | 102642 05249 452 «00030 | 34292| 30744 9356| 1la602| 2868
10000 6400] 1197 |149840| 184116 | 142685 «5182 438 000029 | 34418| 31046 104986] le828t 29140
200400 3.00| 1031 (1413e4| 184116 | 142827 a49TT 394 00025 | 34819 31946 18s 2441 1459T7| 30344
300+00 2400 942 |1369¢5] 184116 | 142911 «4865 3589 «00023 | 44064 324al 254364] 1aT732] 3096
50000 le20 838 1131947} 184116 [ 143017 +4733 340 200021 [ #4387] 329,1 35.340| 14770 31645
$00400 75 T51 |12708e8| 184116 | 143110 4624 313 400019 | 44700| 933342 A9.765| 1e%902| 32241
1000:00 o560 T12 |226049 | 184116 | 143153 «ASTSE 301 «0C018 | 44855 335.0 584545| 1a315] 32448
1500400 040 645 | 123048 | 184126 | 143225 14499 2832 200017 | 54148| 337.% TB4542{ 1e838] 32845
R = 04509 PERCENT FUEL = 44409y O/F = 14268
1400 6004001 2922 j2319¢5| 184893 | 121494 | 11223 803 | 0e00101
1.0% 57143 2905 |2304e6| 184907 | 141498 | Lellls 802 ¢0Q100 | 0e292| AQ&4 24138| 00199 3641
1460 375:00] 2765 |2179¢4| 194020 | 191544 ] 140129 778 «00089 a91T| 22442 1007 e610| 1104
1474 343486 2736 [215446 | 194041 | 141556 29919 770 «00086 | 14000 223,5 14000 46621 1198
2400 300400f 2690 [211640; 194073 | 1,1578 +9586 762 +00083 | 1.2201 22447 1013 aT36| 133,11
10400 60400 2135 |1T1346] 194289 | 1,2006 46391 653 400050 | 24142| 27143 24304 16269} 22948
20400 30400| 1896 |1569¢8| 194310 | 142181 »5800 603 400043 | 24812] 28846 3.674| ladl2]| 25%5.4
2041 29439] 1889 (1565.:9)] 194310 | 142186 «5783 602 «00043 | 24523]| 28941 34726] 1la416| 25641
4000 15400! 1670 [144248 | 194315 | 122311 «5490 554 «00038 | 24880( 30343 5982 1527 | 27642
40483 14470} 1663 |143%9¢3| 194315 | 142314 + 5483 553 «00037 | 24890! 30346 6s071[ 1e530| 2767
!ano Te50] 1462 (133143 I%¢316 | 142426 +5270 506 400033 | 34252] 31546 9e869] 16621 29%.2
100400 6400{ 1399 129804 | 194316 | 142465 5203 491 400032 | 34373 3191 11a816] lebAB[ 29841
200400 3400] 1217 }120543 ) 194316 | 142590 #5001 A&l 200028 | 34760] 32849 194337] 1le721] 311a4
300400 2400 1118 [115646| 194316 | 142670 24882 410 «00023 | 34995 53348 264094 14758 31841
500400 1420| 1003 [110049| 19326 | 12774 2ATST 371 e 00022 | 40301 339.4 382086 14800 32545
200,00 75 S04 | 105448 | 194316 | 1,2872 4611 338 400020 | #6597 343.,9 524938] 1834 33147
1000400 (114 860 103446 194316 | 142918 24555 31% 400019 | 4eT42] 34%5,9 634621 Lle84B8| 33444
1500400 40 T84 |10003| 194216 | 143000 shASE 303 200017 | 54017| 349.2 B5,853] 1,873 338.8
‘ - R = 0a95s PERCENT FUEL = #2769 O/F = 14339
1400 60000 2963 |225046| 19291 | 141426 | 142294 018 | 000111
-'r 1405 571e43] 2948 [2235.8| 192307 | 141427 | 142208 815 +00110 | 04293| 403.2 20133 0.19% 3549
1460 375400] 2815 (21113 | 19¢440 | 121445 | 101408 790 «00100 0920| 223.8 1006 0509| 110a1
Le74 345419 2790 [208Te6| 194485 | 142450 | 141240 783 +00098 | 14000 223,11 1000 2659 11%.1
2400 300,00( 2746 [204840} 194806 | 1al461 | Le0946 776 e00095 | 1al24| 224eh 12014 0734 | 13248
10400 60400] 2241 [164296| 190841 | 1,1784 «7248 (" 677 200058 | 24144 27245 24348 le272} 23040
20400 30400| 2012 |149541] 19.8953 | 142015 »6130 630 «00047 | 24502] 29045 3.772 1e418| 25644
20441 29439 “200% (149140 194896 | 122021 «6115 629 +00046 | 24512 29140 3e826[ 1ed22| 25741
40400 15,00} 1784 |1363+9| 194912 | 142197 +5578 582 800040 | 24858 30%5.7 64170] 1a536| 27748
40483 1A,70| 1778 |13860e2| 194912 j 142201 25567 580 «00040 | 24868) 30641 6e262] 14539 27843
80400 T7450] 1570 [1247¢9| 194915 | 142324 5297 534 000035 [ 34223| 31845 104212] 1a63&| 295:4
100400 6o00] 1305 [1213+7) 194916 ] 142362 5225 518 200034 | 30342] 322,41 124091] 14661) 30Caa
200400 3400{ 1315 [111643] 194916 | 142481 «5019 472 200030 | 34722] 33243 204099) 14738 | 314e2
300,00 2400| 1212 1106542 19916 | 142553 2903 hbg 400027 | 34952| 337.3 274182] 14776| 32142
500400 1420 1091 [200645]| 194916 | 142636 44735 415 400025 | 44251 3A3.4 39.792f 14820] 32940
200400 aTs 987 957¢9| 194916 | 122752 4624 386 00023 | 44538| 348.2 564%11] 14855| 232544
1000400 +60| 940 93644 | 190916 | 1e2798 «A56h 373 s00022 [ 44679 35042 66eT4S5| 1e870| 33842
1500400 &0 359 9000 194916 | 142882 4450 LT «D0021 | 40945] 353.7 904290] 14896 342,08
R = 029759 PERCENT FUEL = 424134 O/F = 1.374
100 600400] 2975 221747 1290471 | 143409 | 142570 623 | 0200114
1405 571a48] 2960 (220249 | 194488 | 142409 | lo2454 820 00113 [ 04293 40241 2e131| 04199 35,3
leb0 S75,00| 2829 |2079e)| 194627 | 101419 | 141792 798 200104 «921] 223.3 14006 «609| 109.8
L1aT4 343.55] 2004 | 20558 1946%3 | 161422 | Lal6A7 790 000102 | 14000] 222:6 14000 1658 11847
2400 300400 2761 201640} 19697 | 11428 | 241390 782 «00059 | 121256| 22440 1014 a T3k} 1325
1000 60600] 2282 |161140] 20086 141650 28037 686 «00064 | 20149, 27245 24367 14273]| 22948
20400 30400f 2064 146243 | 204172 | 141874 +8626 642 #00050 | 24501 290.9 3325 14421 25644
2024l 29439] 20%¢ [1458.1] 204172 | 141801 46591 641 00050 | 245811 291eh 3.881) 1,425 257,
40400 1%.00| 1842 [1329.0| 20206 | 142208 «85737 595 200041 | 24846| 3064 64285] 1le541| 270.1
40483 14470[ 1836 [1325+3| 206207 | 142114 5719 59 +000AL | 24856] 30648 6a379] LleBk&| 278aT
80400 Te50F 1627 | 121049 | 200215 | 142266 «3334 548 00038 | 3¢203| 319.2 10e425] 14640 29640
100400 . 6400{ 1561 [12275:9| 204215 ) 142307 «5251 532 00033 ] 24321 3235.3 126290 16669} 301.1
200400 _3¢00] 1367 J107642] 204216 ] 1e2428 «5032 ABS 000030 | 24697 333.7 204564 laT7AT] 315,2
300,00 2400] 1262 | 102348 204216 142499 «5918 450 200028 | 34924 339.1 274833] 1.786| 32243
500400 ls20] 1138 96346 204216 | 142597 «ATEE 428 $00026 | 44220 34%5,1 40s811] I4831| 33C.2
800400 75| 1031 91346 | 204216 ] 142692 +4626 399 +00023 | 44503 35040 584039] 14267 33649
100000 . «80 982 891e5| 200216} 142737 4575 386 000022 | 40642| 35241 E8a595| 1e8831 33947
1500200 | <, a0 900 85440] 204216 1.1320 4468 aso 200022 | 44903| .355.7 92.907| 1e909( 34&eE
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TABIE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500
FOR LIQUID AMMDNIA WITH LIQUID OXYGEN

(c) Continued. Couwbustion-chamber pressure, 600 pounds per square inch absolute;
equilibrium composition during isentropic expansion

Pressure | Btatio Temper- | Bnthal-|Molecular (Isen- EpecifialAbso- |Thermal [Mach Specifie Ares Thrust [Specifie

ratio prasaure, [ature, {77, weight, |tropic beat, lute oondue- |oumbar, |iwpulse, ratio, |coefri-| lapulse,
Pef? ®, P, n, & |egonent,| op, |viscos-|tivity, | N Tracs ¢ |otent, I
1/eq ta-| Ok cal/g T el (i, 5 EES or .(_é_llh sse
TETCORT | o, sec
mieto- (c-;iun 5
poises

R = 1.000 PERCENT FUEL = #1le51s O/F = 14409

1400 600¢00) 2980 |218527| 194638 ) 141402 | 142619 | 626 | 0000115
1408 571e43| 2965 |21T1el] 39655 | 141402 | 142547 823 400114 | Ce293| 40048
1e60 375400| 2836 |204840( 194798 | 141409 | 1010835 798 «00105 s92L| 22246
1a74 345469 2811 |20284¢0! 19824 | 141422 | 1e1750 T94 400103 | 14000| 22149
2400 300¢00| 2768 |2985s4| 194869 | 101426 [ 142520| 785 400100 | 1s126( 2233

10e00 60400| 2297 |158243| 204284 | 141579 «85381 6%2 000068 | 22152] 27149
20400 30:00) 2094 [143346| 204296 | 141727 a7326| 650 000056 | 20508 29045
20041 29439 2088 |1429a4 | 204399 | 141732 ¢ 7294 649 «@0055 | 24518] 29140
40400 15400 1888 |1299¢4| 204465 | 101917 «6340 [ 606 000046 | 24848 30644
4Qe83 14a70] 1882 [129546] 204467 | 141923 6318 605 +0D046 | 24858 30849

80400 Te50| 1684 [1179e3] 204499 | 1421108 05650 561 000039 | 3,190 31%9.4% 100670 | 1eb45| 295.9

100400 6e00| 1619 [1143:5] 204505 | 142177 25490 | 547 #0037 | 24303 323,80 124600 | 14674 30101
200,00 3400| 1425 |1041e4| 202514 | 142343 5119 501 000032 | 34685 334.6 214162 | 10754| 31845
300000 2400 1318 98Te6| 204915 | 142426 056963 473 200029 | 34896 34041 284690 | 14793 | 32209
500400 1s20| 1191 92545} 204316 | 142530 °4T798 436 4Q0026 | 44178| 34642 420126 | 14041] 33141
800400 «73; 1082 87348 204516 | 142626 +h658 400 400023 | 42454| 35144 5%9.993 | 14873| 337:9

1 -

1000400 «60) 1032 851e0| 204516 | 142671 24595 | 383 000022 | 40590) 358¢6 | 704953 1 14894, 34048
1500¢00 shQ] 94T 81241 | 20516 | 142784 24485 375 00021 | &eBAT| 35743 | 964219 12922 34547

R = 1¢10¢ PERCERT FUEL = 39223 O/F = 14530 )

1400 §00s00( 2962 [206647) 204207 | 1e2432 | 141481 831 | 0e00106 -
1405 571643 2946 [205248] 206223 | 141433 | 141398 s28 00105 | 04293] 393.8 24133 | 00199 351
1460 | 375.00] 2812 |193348] 204357 | 141452 | 140656 802 000095 920 218,46 10006 0609| 1076
le74 3454111 2786 |1911lel| 204381 | 141457 | 140508 797 +00093 [ 14000| 21749 1l.000 ¢659( 116.4 4
2400 300000| 2742 |1873e4] 206422 | 141466 | 140246 788 00090 | 1o124] 219.2 ls014 2733| 12947

10400 60¢00| 2245 [1A86e5] 204772 | 141692 2 Thl9 eas «00089 | 24150 26643 2¢355 | 1272 22447 -
20400 30400| 2031 [1345.1] 204851 | 1elB4s 6513 643 400050 | 24309 28442 34806 | 14419 | 25046
20e41 29439| 2024 [1841¢l| 206853 | 141849 «6490 642 200049 | 24520| 28447 34861 | 10423 25143

40400 18400( 1819 1121841 204897 | 142016 «58261 597 +0D0A2 | 24857 29944 6e2Th | 14539 27147 -
A0e83 24070] 1813 |1214¢5] 204898 | 142021 «5820 596 2000421 24868 299.9 6e36% | 24542| 27243
80400 Ta50| 1615 111050 204919 [ 2142186 «5356 $51 400036 | 34208| 31243 104452 | 1838 289e3
10000 6400 1381 [107145| 204923 | 242239 5234 536 200034 | 34323] 316.1 126333 | 1e667| 29443 -
200400 3000} 1362 97547 ] 206929 | 142397 04922 489 400030 [ 34690] 32644 200676 | 14745| 30841 -
300400 2:00) 1238 92503 204930 | 142482 4779 | 460 400027 | 34914] 33146 204004 | 14T785] 315.2
500000 14201 11347 867¢8| 204931 | 142585 «4618 422 000028 | 44207[ 35746 414065 ] 1830 3231
800400 | . «78] 1028 81541 | 204931 | 142687 24429 286 000022 | 44409 34244 58399 | 1e266] 3293
1000s00 +60| 980 T9Te8 | 20921 | 1.2733 sha24 369 o00021 { 64627 348.5 694021 | 14882| 33248
1560000 40 898 76147 | 204931 | 1.2817 «4320 157 «00020 | 44888 34840 934482 ) 1s908| 3370 -

R = 1420» PERCENT FUEL = 37s163 O/F = 14691

1s00 600000| 2914 |196042| 204677 | 141473 | 140323 | 829 | 0000096
1405 57lea3| 2898 194646 204652 | 141475 | 140248 B2é Q0095 | 04292] 386el 24136 | Cel99 3he4
1e60 375400| 2761 183245 | 204813 | 141498 9396 799 -og:ae 4918} 214,2 14007 s610| 10344

1274 344453) 2733 |181002( 204836 | 241504 09464 | 794 00085 [ 14000] 213.5 14000 | +861] 114a2 -
2,00 | 300400] 2689 [1774¢5| 204872 | 142515 | «9243| 785 | 400002 lel122] 21447 14013 «T35] 12762 —

10000 60400 2182 [140604]| 214179 ] 141742 46953 580 00055 | 241501 26044 20343 | 12272 219.9
20400 20000| 1968 [1269¢7| 214249 ) 1el894 «6184 635 e0004T | 24512 27748 3¢7T9 | lehl8| 245,1
20041 29¢39( 1962 (126640 214251 | 141899 06162 433 27843 34094 | 14421| 245.14
40000 19,00| 1758 |114941] 214209 | 142040 25580 588 29245 60218 | 14536| 26547
40e83 14,70 2752 |[114548] 214250 | 142073 o5564 1 587 29249 6¢312 1 14540| 26642

80400 Te50| 1556 (104240] 214300 | 142241 of141 542 305.0 104337 | 14635| 28247
100400 8400| 1494 (101043 214311 [ 142298 «5028 | 827 30846 124190 | 1a663] 28745 -
200400 3.00| 13a8 91940] 21316 | 142452 o4T42 481 31845 | 200399 | Le740| 3009
300«00 2400} 1206 87243 214317 | 142538 24609 455 32848 ] 27a591 | 1e779) 3077
50000 1e20] 1086 8LTe7| 21317 | 1o2645 «4ABT | 422 329¢3 | 404395 | 148237 31543
800000 15 963 TT72a4| 214317 | 242743 «4331 394 33%,% | 574370 1e859| 311e5
1000400 «60| 937 752¢5| 214317 | Ie2788 44275 380 335¢9 | 6TeT6I | 140875| 32442
1500400 W40| 856 T18s6| 214317 | 142872 oh178 s 33%.5 914869 | 14901 32847

R = 14504 PERCENT PUEL ®= 324312y O/F = 24114

1400 600400] 2759 |1698¢8| 2140847 | 141548 | Co8534 815 | 0400079
1403 571a43{ 2743 [2686¢2( 214889 | 141552 «8A78 11 «00078 | Ce291]| 36545 24141 | 00200 32«8
1460 375400 2603 11584¢l| 214960 [ 141585 27989 783 200071 o%13| 20245 1s007 611 9947
175 243444 2874 [1563¢3| 214979 | 141593 «T887 7 +0Q07C | 14000} 20148 1000 6641 10843
2400 300400 2530 [233244( 224008 | 142607 «T729 ] 768 00068 | 14119| 20249 1.013 «T36] 1202

10400 60400 2017 |120442| 224246 | 142086 5962 688 000047 | 24148| 24842 20313 | 14270| 20744
20400 30400] 1803 [1086el] 224293 ] 142061 «B836T| 610 200040 | 24523] 26141 34711 | 1e4l4]| 2308
20041 29439 1797 | 108249 224294 | 102066 05352 60% 000039 [ 2¢524| 26145 30764 | lebl8] 23104
40400 15400; 1596 981e2] 22316 | 152241 e4920 562 00034 | 24871 27446 54066 | 14530 24948
40483 14470] 1991 9783} 224317 1102246 04909 561 Q0034 | 24882 27449 60156 | 14533} 25043

80400 7450| 1401 8088s8| 224226 | 142411 4598 514 «Qh029 | Se234] 28849 104018 [ 2e6261 26344 . P
100400 6400] 1341 Bhleb}] 224327 | 142462 Wh518 | 499 .oggia 343541 28941 114790 | 14653 26948 A
200000 3500] 1168 | T784e3| 224329 | 142609 04303 454 00023 | 34T38f 29040 196610 14727] 28240
300400 2400/ 1071 Thha0| 224329 | 142694 24194 | 428 «00023 | 3,972| 30246 26:841 ) 14765 20842
500400 1e20| 959 | 59Te8| 22329 | 142798 14071 395 00021 | 442380 3077 384555 | 14807] 295s1
800400 «75 863 65927 | 224329 | 142893 +3966 367 200019 | 4¢376| 31148 542560 | 14841 30046 i

1000400 +680| 022 64320 224329 | 142939 3918 354 00018 | 44722] 31346 644332 | 14856] 20340

1800400 40| TAS 614eT| 224329 | 143020 #3837 343 «00017 | 42998} 31645 | 854765 | 16881] 30741}
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TABIE II. - Continued. THEORETICAL ROCEET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500
FOR LIQUID AMMONIA WITE LIQUID OXYGEN

{c) Concluded. Combustion-chember pressure, §00 pounds per squere inch absolute;
equilibrium composition during isentroplc expansion

Press're |Static ar - | Enthal-|Holecular |Tsen- Specific|{Abac- {Thermal |Nach Lie Ares Thrust jBpecific
ratioc Tressure, [ature, |py, weight, [tropie heuwt, iote [eoccdus- |oumber, [imgulee, ratio, (coeffi-fizpulse,
EJE" P, -, x, &  |exponent, cp, |viscos-|tirity, X Tvac, 3 clant, I,
/sq fn.} oKX calfg r eal  |1t¥, X, 14) (sec cp 1b){ze

abe wER | :gim) (iefrect
afcre- |(cw)(°K)
Poisas

R = 24000 PERCENT FUEL = 264193 O/F = 24818

100 600400 2536 | 1391¢0] 232349 | 141672 | Go6880 786 | 0200062
1405 571e43] 2519 | 1380e5| 234359 141678 «56833 783 00062} 0a290] 338,83 24150 0a200| 30s2
160 375.00| 2377 | 1292¢9| 230434 | 141736 o5421 753 « 00056 0911} 187,3 1.008 #8613| 9244
le76 341452] 2345 | 127442 234450 122751 a5330] 746 +00055] 14000f 18646 14000 o669 10C.8
2,00 300400]' 2302 | 124847] 234469 141773 26205 737 «00053] 1e114] 187.5 le011 aT38] 111.3

10400 60400 1783 97La7| 230617 1a2145 «A8T3 620 a00037| 24145 22542 24267| 14267] 191.0
20,00 30400| 1572 B7440] 234638 142328 0 4A95 570 200032] 24520 239.2 34597| 14407] 21241
20441 29439| 18656 87143] 23,638 142331 o AABS 562 s800311 24530f 239.6 4648 | Ladll| 21246
40400 1%.00| 1374 T8Ba2| 234645) 142492 «A224] 520 200027} 24390{ 25140 54824 | 24519( 22%40
40e83 14470 1369 785e9| 234646| 142496 4217|519 400027 24901] 251.3 54908 1e522] 22945

80400 T+50]| 1193 T13e8| 234648 142638 44028 AT3 «0002&| 34270] 26048 P¢53T| 14611) 242.8
10000 65¢00{ 1138 69LaT 234648 1,2633 «3973] 458 200023 | 34395 26348 114195] 14637| 246.7
200400 3.00| 980 830sl] 234648 le2822 «3818| 413 «0002¢| 34798] 27142 184482 14707 2573
300400 2400| 896 598sl] 23:648) 142902 23736 38 «00019| 4e04AL] 27541 244816 1aTA3| 26227
500400 1e20| 797 561e8| 234648 143005 +3637 as7 sOCOLT| 44363 27945 35,998 14782, 26846
800400 75 14 53260| 2345A8) 142097 «3554] 329 «0C028) 44678 232.9 504TOO| I4Bl4| 2734

1000,00 +60| 67T | 51940 234648 143139 #3517 217 00014 | 44829 284.4 592650) 1¢828] 275.5
1500400 40 634 | 49Ta0| 234648 143216 03453 301 s00014] 52120] 28T.C | 804135] 14852} 27849

R = 3400s PERCENT FUEL = 193123 O/F = 44227

1400 600400 2171 | 102447] 25337 161977 | 05023 T28 | 0400044
1405 571e43| 2154 | 101644 25¢342| 141988 4988 728 40C043| 0428 3007 22170 Ce202 268
1460 375.00] 2008 94T7aT7| 25¢37T7| le20AT a4TOK| 691 « 00039 4900| 165.4 1.010 a818 8la8
la78 337.20] 1972 95142] 256385) le2113 «463T| 683 a00038] 1+000| 164.7 1.000 o681 9042
2.00} 300400/ 1933 923s3| 25¢392| le2143 ah365| 674 | #0003T| ls10I| 16543 14009 aTA3 2Bek

10400 60s00| 1426 70248 25:435| 1e2540 «2868 550 a00027) 2414T7| 19443 20186 10263 16Ta4
20400 30e400| 1235 630e9] 25:437| le28812 «3697; 499 «Q2023] 24537 20748 3e424 | 14397} 185.1
20041 29439 1230 62849 254437 le2685 03693 A98 00023 2s548| 2081 344711 14401| 185s8
40400 15400; 1064 56847 25s438| le2815 «3557| 451 «00020| 249280 217.3 SeA80| 1503 199e2
40e83 14470 1039 5670 254438 1la281% #3553 450 «00020| 24938 21746 54558 | 1.508] 19946

80400 Ta50] 911 51543 25¢438) 162945 oIABA| A0S +Q0018| 34325) 225,2 84881 14589] 21045
100400 600! 866 | 49%9.8] 250438 142938 43395 392 «00017} 34457| 2275 104392 | 1e613] 21347
200000 3400 736 [ AS56.3| 25.438| le3124 +3202 350 s00015] 3+880| 233,6 160984 | 14678| 22243
30000 2400| 668 A34e3] 254438] 143203 03220 326 400014 ]| A.1401 22367 224672 1aTLl] 22647
500400 1620 589 | 409e42] 254438} 143301 ¢3143 297 000012| AsaBA{ 24041 1324650 1.746] 23144
800400 o735 524 | 38Ba3| 25¢438{ 143332 «308% 272 «00011| 40819 24248 450684 1.775F 23542

1000400 «60] 495 379e9] 254438]| 1a3423 3063 260 #s0001}| 4e985] 24440 53587 1a7BE] 23849
1500400 oAQ| A4S 36541f 25:438| 143491 3019 252 400010 | 56258 24349 | T1e604] 14808] 23946

R = 4400y PERCENT FUEL = 15,07y O/F » 354636

1400 600200 1877 | B81440| 264586| 1a2276| Oeklll 672 | 0400034
1405 571¢43| 1861 807e1| 264568| le2288 24088 688 «00034] 02282 27249 26188 | 04204 2404
1e60 375400 1719 75Ce8| 264531 142393 03911 634 +00031 o891| 1495 1.011 16221 Thel
180 333.68| 14680 T35.9] 264584] 12421 «3868] 624 | 400030] 1e000| 14347 1000 «691 824
2400 SOO-Oq 1646 T22s7| 264386 le24as «2831| 616 00029| 14092 14942 1.007 oTHT[ 3941

10400 60e00| 1179 | 55349 264596| 142775 +34AL1 493 000022| 241503 175,9 20126 10261} 15Ce4
20400 30200] 1012 | 49743 264596| 142902 43322 445 400019} 22349 185.8 32322, 14392] 16640
20441 29439] 1007 | 49347 264596] 142906 3319  AM4 200019 2256 18641 343671 14395| 16644
40400 15400 863 | AM8a8| 264596 143028 3215 399 100017| 24948| 194.0 54280 1e494| 17842
40083 14270 859 AATe8l 26e595| la3032 «3211 ass «00016| 2+960] 19442 S5e354| 14497| 178e6

80400 74500 733 | A0745] 264296 143162] 3110} 356 | +0001a| 3.358] 200.7 | 0.497] 1.577] 123.0
100400 &400] 694 39547 26e596] 143208 +3078 343 «00014| 3e454 202.6 9.920( 146800 190.8
200400 3400 585 | 36246 260595 143341 42983 303] +00012| 3.4934{ 20748 | 16.099| 1.662] 198.2
300400 20000 5281 345.7| 264595 143417| 42938 281 | «00011] #4205 210.4 | 21.402} 1.692] 201.8
500400 1426 463 | 32648 264396| 143509 2877 2%4( +00010[ 40365 21742 | 3046651 1.726] 2059
800400 oT5| 410 | 31145| 26e596] 143580 +2834) 231 | 00009] 42917 215.5 | 42.718] 14753 20941

1000400 o600 386 | 304e9| 264595| 143508 .2618) 221 .00008) 5.092] Z1s.a | 50.009| 1.785| z210.3

1500400 o400  3AT | 29348] 264396 143650| #2794 203 | .00008( 3.425) 218.0 | 66.616 1a784| 21247

R = 5,005 PERCENT FUEL = 12443, O/F = 7,046

1e00 60040 1641 6T7740| 2T7¢398] 192506 | 043639 621 | 0200028
1405 571e43] 1625 671e3| 27399 142517 03625 617 +00028
1.60 375.00] 1491 62847| 274403 142607 «3513 583 +00026
le81 331e33] 1454 | 51045 2Te404| 142632 23487 573 «00028
2400 300400] 1424 | 60041f 27e404| 12852 #3485 566 000025

25161 242011 04206 2244
1372 1.013 4624 6801
13644 1.000 1698 Tésl
13647 1.006 « 750 8l.2

10400 606400 1001 459,7 274406 142941 03191 A4S 100018
20400 30600 853 ] 413.2] 2T«406] 143065 43091 402 00016 149.3 34257 14389 15143
20041 29439 849 41149 276406| 143068 3088 400 00018 169.5 24300 1e392| 15149
40400 15409 123 37846 274406 143197 02993 3ss +00014] 22961) 17645 50149 14489( 1825
40483 14670 720 37248] 274406| 143201 «2990 357 200014} 24973] 17647 54220 1e492| 16248

16645 24106 14260] 13743

80400 Te50| 610| 34042} 274406| 143335 12990 317 «00012] 3.380] 182.4 B4240) 145&% 1T1s2
100400 64008 577 | 33046] 274406| 143378 02871 305 a00022| 34520 184,.1 9403 | 12591 17346
200000 300, 483 30440) 272406| 143509 22792 267 «00010] 34973 18846 15498 | 12651 18062
300:00 2001 A3A ] 290e5] 2T«A0&| 143579 22751 2A7 «00009] 44252] 1909 | 204%3%]| 14681 12834
500400 le20f 379 27545| 2TeA06| 143649 #2712 222 «00008| 40626 19343 294324 14712| 18649
800400 7Y 334 26244 2T4408| 143897 2687 20 a00007| 44993 1953 [ 4064741 24739] 18947

100000 (X1 318 ) 25B41] 274406| 143718 22677 191 200007 54178 19£.1 474644 14750] 19049

1500400 skt 282 24943 274406[ 143739 02664 178 200006 565208 19745 634255 | 14768 19249
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FOR LIQUID AMMONIA WITH LIQUID OXYGEN

NACA RM ES8AZ1
TABLE IT. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500

(4} Combustion-chamber pressure, 600 pounds per square inch absolute; frozen
composition during isentropic expansion
Prassure |Btatic |Yemper- | Buthel«]Moleculer |Ipen- Specific|Abso- [Thearmsl [Mach Specific Ares Thrust |[Bpecific
ratio, rreasmure,iature, {IY, weight, [tropi beat, lute conduc- | Bumber, |impulse, Tatio, |coesri-|[impulse,
5 3 y T, h, V4 expapent,| op, |viscosd tirity, X Tvacs t aient, I
1n/sq ta.| oK cal/g r a1 [ity, x ;nggml .(_é_zlb sec
wbe Tey (oK | us (sea)
wicro- | (om) (oK)
polses
R = 0ekOs  PERCENT FUEL = 63495s O/F = 04364
1000 | 600000] 1349 [335002| 134316 | 102956 | 0e6340 | 433 | 0400038
1605 | 571s43] 1334 |3340e4| 1343156 | 102966 | +6524| 430 | +00038] 04275( 326e2 20226 | 0az08 | 2961
1460 | 375,00] 2210 |326045| 1343168 | 243053 | .8381] 421 | «00035] «872( 1773 1a015| +630( 88e3
1e84 | 2260a1| 31171 |323549( 13316 | 242082 | ¢6335! 412 | 400034] 1.000( 37640 | 10000} 4712 9947
2400 | 300400{ Il48 [3221a3]| 134316 | 143100 | 6307} 406 | «00033| 14072| 176e3 14004 ] 4756 | 108.9
10000 |  60e00| 772 [299341] 134316 | 143421 | «5855( 309 | «00024| 26149| 204e7 | 200201 14258 | 17643
20400 30,00 645 12919497 134316 | 143530 | 5720 272 | «00021] 20569 21542 34093 | 24381 19345
20441 29439 643 |291749| 134316 143932 | o5727| 271 | e00021] 2e%81( 21544 | 34133 | 14384 | 19949
40400 15400| 533 [285848| 134316 | 143618 | o5617] 237 | «00018| 20998| 22347 | 44923 | 1:476 | 20608
40483 16470| 535 [285741| 136318 | 143620 [ +5635] 236 | «00018] 34011| 22349 | 44088 | 14478 | 20761
80400 Te50] ' 44T |2807¢9| 134316 | 143680 | 5548 208 | «00018| 3e#AT| 29046 | 74629 | 14350 21742
100¢00 8a00| 421 [279345] 134316 | 143696 | o5530] 196 [ «00015] 3597 23248 84863 | 14571 22001
200400 2.00| 349 [2753e8| 134316 | 103744 | «5478] 168 [ «00012] 44083] 29747 |140191| 24626 ] 22702
300s00 2400 312 ]279948| 130316 | 143768 | «5453| 254 | «00011| 4¢383] 24043 184744 | 14653 | 23146
500000 1420| 271 |271146] 13316 | 143793 | «%427| 136 | «00010| 4¢781| 24342 |26¢680| 24682 [ 235.7
800400 o75| 238 [2693.T| 184916 | 103842 | «3377| 122 | 400009 5.163| 265¢5 (360970 | 20705 | 23940
1000400 «60| 224 {268640| 134216 243871 | (5348} 125 ] +00008 | 5e381| 24604 (43,187 ] 1,715 | 26044
1500400 o40| 200 267342 134316 143927 | 45293( 108 | «00007| 34707) 24840 [574266 ) 1.732] 24247
R = 0e350s PERCENT FUEL = 5887y O/F » 04705
1400 | 600400| 1784 |807549| 144516 | 142623 [ 0,6588] 555 | 0400046
1405 | 372e43| 1766 |306440( 14¢316 | 142630 [ +6573] 551 | +00046( 04279 35946 24206 | 0s206] 3241
1460 | 375400] 1617 |296645| 144516 | 142697 | s6444] 520 | «00042] o882| 19643 14028 | +626) 9748
1062 | 330440| 1574 |293849| 144516 | 142719 | «6404| 510 | ¢00041] 1:000( 19540 14000 | +700{ 10942
2400 | 300400 1341 [291843| 144516 | 142736 | #6372 503 | 400041 1:083] 19345 14006 | o751 12741
10400 60400] 1074 |2632¢5| 160516 | 143057 | ¢5867 394 | +00030] 24149| 22940 24090 | 14260} 19644
20400 30,00 911 [283844] 184516 | 143201 | ¢5666| 351 | «00026)| 24553 24243 | 3.218 ] 142387 21442
20041 29039 906 |253549] 140516 | 143205 | +8541| 350 | «00026] 2.568| 2817 34261 | 10390 21648
40400 15400] 768 |2459.0] 144516 [ 143335 | .5474( 311 | «00022] 24967] 25144 84065 | 16486 23147
40083 14470] 764 |245648| 140516 | 143339} o35489] 310 | «00022| 24979| 25247 54134 | 1489 | 25241
80400 To50[ 644 |289202] 140518 | 143450 [ o5338| 274 | «00019] 3e396] 23946 84071 | 14565 | 24349
100400 6400 608 |257340| 149516 | 143482 | 5301 262 | «00018| 34539] 26149 20395 | 1.586] 24743
200400 3400 508 [292002] 244526 | 143571 | 5203) 220 | 000016| 44003| 26842 154126 | 10645| 25644
200400 2400 456 |229345] 144516 | 143609 | «5163| 210 | ¢00014| #4292 271e3 204032 { 14674 | 26049
200400 1a20| 398 J226347| 144516 | 143650 | ¢5120] 188 | «00013| #4673| 27448 [284601 | 147053 | 265.8
800400 o75] 351 1229948 144526 | 143683 | 45086 169 | ¢00012| 54045 277¢5 396755 | 14730| 269.8
1000400 460 330 [222942| 144516 | 143696 | 45073 161 | 400011 Se228| 27847 1464305 | 24741 27044
1500400 o40] 296 [221148| 144516 ] 143727 45053 146 | 400010{ 5¢575] 28046 614381 ( 14759 2T4e2
R = 0e60y  PERCENT FUEL @ 544195 O/F = 00845
1000 | 600400] 2171 |20435| 154720 ( 142400 | 0e6538| 840 | 0s00052
1408 | 571¢43] 2150 (282001 134710 ] 1e2405 | +6324| 636 | ¢00052] 0e281| 38145 20193 06205 34el
1660 | 375.00] 1980 |272062| 154710 | 142435 | 46417 602 | +00048| o889 208.8 14012 | +623{ 10346
1480 | 333420] 1935 [269049) 184710 | 162471 | s8384| 893 | 400047| 14000| 20746 1.000) #6938 115.2
2000 | 300400 1895 [2665¢5] 254720 [ 142485 | 46355| 585 ( 00046 1a091] 208e2 1.007] 2748 12443
10000 60400| 1358 |233847| 154710 | 142749 | 45866 468 | e00035| 24251} 24546 | 24139 ] 10262 21040
20400 30000 1166 |222642| 334710 | 142887 | o5647| 421 | «00030] 24548 2394 34329 14393 23162
20441 29439 1161 [2229.2| 154710 [ 142891 | ¢5640| 420 | +00030| 24580| 2398 | 34374 | 14396 | 23243
40400 15,00 995 [213146| 154710 | 143032 [ 3436] 377 | «00026| 24948 27049 80292 ) 14496 24849
40483 14e70| 991 |212940| 134710 | 243027 [ «5430] 376 [ «00026| 24957( 27142 | Be366 | 24499 24943
80400 7450 843 12051e¢1| 134710 | 143174 | «5280] 336 | 400023 34355 26043 | 84512 20578 26246
100400 6.00] 800 [202748] 150710 | 143238 | (5195 323 | «00022( 3.492]| 28249 | 94996 | 24601 266.4
200400 3400 674 [1963e3] 150710 143343 | 43048| 285 | 400019]| 3¢933| 20041 160118 | 16663} 27647
300400 2400 609 [193065| 154710 | 143407 24978 264 s00017] 40206 29347 214429 | 14694 28149
500400 1s20f 53s [189346] 154720 143478 | sa901] 239 | «00018| 44568| 297.7 (306721 | 14728 28748
800400 +78] 473 [186347] 154710 | 163539 | 44845 217 | «00014) 40922| 30049 [42:837] 14755| 292.0
1000400 «60] 446 (185047 1547107 143554 | ean24| 207 | 00023 34095 30243 (504179 ] 14786 293492
1300400 «60] 401 |182940| 134710 143509 | 44789 189 | 400022 3.427| 304e5 [66+923] 14786 2971
R = 0a70s  PERCENT FUEL = 5Ca34y O/F = 04986
600600| 2503 |264440] 164876 | 142243 ] Ce6428| T11 | Ce000R6
BTLed3| 2481 |262947| 160076 | 142247 6438 707 «00056| 04283| 39344 22183 ] 04204 3343
375,00] 2295 |251143| 164876 | 142287 | ¢6326| 671 | «00032| «894] 21649 1:021] o620 20745
335,17] 2247 [2481e3| 164876 142299 | 6300 662 | «00051| 2.000] 215.8 1.000} 887 11940
300400{ 2201 |2452¢3| 164876 { 142310 [ e6274] 653 | «00051| 14096( 2165 12008 | o7AS| 129.2
60400} 1611 J2093¢3| 164876 ) 102919 | #5851] 5831 | +00039] 2e154] 285646 | 241761 14264) 21849
30400 1398 [197047| 164876 | 142638 | o5641| 482 | +00034| 2e543} 27146 | 30415| 14397] 24241
29039 1392 196743 | 164876 | 142642 | $5634| 4BL | 400034] 24556[ 27200 | 304627 14401] 2427
15400] 1206 [186446( 164876 | 102770 | «5428| 436 | 400030 24932 28442 5ek78 | 11804] 260:4
14070 1201 |1862¢7| 166876 | 142778 | o5422] 433 | «00030] 2¢944] 28443 | 54556| 14506| 260e9
7450] 1034 |1TT943| 164876 | 162914 | 482181 392 | 00026 34327 29445 | 8,892 1.389] 27343
6400 983 [1746¢8| 160876 | 102961 451831 378 000025 ]| 3.458] 29744 |100408| 1.623] 27904
200 837 |186T246]| 166876 | 143104 04971 337 «00022) 3.879| 30343 1Ta027T{ 14679 29047
2600] 759 |163445| 164876 | 143186 ] W4876| 3147 400020 44138] 309.5 224738 14711| 29644
1.20| 670 |159146| 164876 [ 143276 | «4772| 286 | +00018[ AeaB2| 31840 [324762] 147AT| 30248
800400 o783 596 |138646| 164876 | 143352 | 44690| 262 | «00016] A4e826| 317¢5 [454874| 14776| 307es
1000400 060 564 |134143] 164876 | 143306 | 44655| 250 | «00013| 4s982] 31941 [53.831] 24788| 30948
1500500 o40| 508 [181547| 164876 | 143461 | 04599 231 | «0001a| 5¢295| 32146 [714999] 2.809| 31343




4663

#CQ-5 back

NACA RM ES8A21

TABLE II. - Continued. THEORETICAL ROCKET FERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500

() Continued.

FOR LIQUID AMMONIA WITH LIQUID OXYGEN

frozen composition during isentropic expansion

Combustion-chamber pressure, 600 pounds per square lnch absolute;

Pressure | Btatic Temper - | Buthal-|Molecular|Isen- Specifio|dbso- |Tharmal |Mach Specific Aren Thrust |Specific
ratis pressurs, lature, | Dy, weight, |tropic beat, lute conduo- | nochar, {ipaise, ratio, | cosffi-] impulss,
1) P, w, k, A |emcrant,] oy, |viscos-|tivity, | K Tracs ¢  |etemt, | T
1b/sq tn.| K cal/g T on1  |ity, X 1b) (sec cr .(Eéﬁ)_
e Tel TR | # cﬁsgg)
wiaro~ | (i
poises
R = 0480s PERCENT FUEL = 47401y O/F = 14127
100 600,40 2760 | 247160 174957 142139 | Qe6281! 767 | 0500057
le0S 571e43] 2737 | 2456e2| 17e957] le2142 06272 762 200058| 0e284 40246 24176| 0s203 3349
1160 375400 2539 | 233343| 174957f le2174 +6196 726 00055 +897] 22142 14010 «619| 10945
1s78 336451 2491 | 2303e1| 172957| le2183 08176 717 «00054| 14000| 220el 14000! 4683| 12049
2000 300400| 2440 | 2271e8| 1T74957| 142193 26153 107 200053| 1,100 22049 1009 o T&a| 1317
1000 60400| 1811 | 18955 1Te957| le2368 «5781 581 400042} 24155 2627 20202 14263] 22348
20.00 30400] 1582 | 176545 1Te957| le2466 43593 531 400037] 24542, 27845 3476 1o401F 24748
20041 29439| 1576 | 1T61e%| 1Te95T| 142470 o 3588 529 «00037] 24554] 27849 30525 1e4Ch] 24844
40400 13600| 1376 | 1652e2][ 174957 242584 +5389 483 400033 24924 29147 54612] 1e509] 26649
40433 14470 1370 | 164941] 17.957| 142388 +5383 481 «00033| 24935 29241 54693] 1451 267¢4
80.00 7650 1190 {155349] 174957} 142713 «5182 437 «00029| 34310] 30248 9e178] 14597] 28243
100400 6400] 11384 |1525,2] 174957| 142760 +5116 422 s00027| 34436| 30549 104762| le622{ 28649
200400 3400 973 | 1444e5] 174957| 12504 | «4917] 379 | «00026| 34843] 3146 |174730( 14690 29849
300400 2400 888 | 140247| 17«95T7| 142989 «4809 ass 200022| 42092 318.9 23.773] 1eT24| 304e9
500400 1e 20| 788 | 1BS55+4| 174957 143093 04684 328 200020| Ae421] 32347 34.418] 14761] 31146
200400 75 704 [131646| 1Te957| 143183 «4583 o0 «00018| 44740 327.6 AB,386] 1s4792] 316.9
1000400 « 60 66T 11299e7) 1749%7| Le3223 4540 288 «000IT! 44899 32943 584880] 1¢805] 319.2
1500400 o 40 604 §127102] 1Te957| le3291 oA 69 266 4000156] 22198 332.1 T64307| 1le827| 22341
R = 04909 PERCENT FUEL = 44¢09s O/F = 1,261
100 600400] 2922 [231%¢5| 1234893 | 142077 | 048116 805 | 0400050
105 571e 43| 2897 | 230446 184893! 11,2080 a6108 801 «00C59| 04285 403.8 24173| 04203 360
160 375.00f 2693 21808| 184893| 142110 «5038 T64 200056 B899 22240 14020 2618 1099
1e78 33Te27| 2644 [215140| 18.893| 142117 +601% 755 400055| 1,000 22140 12000 o581 121,41
2400 300400] 2550 |2118:8| 18,893 1,2126 «5999 T4S s00054; 14102] 221.8 le009 sTh3} 13242
10400 60200| 1938 |1737.6| 184893 1,2279 615 10004A3] 241 26404 22218 1a266] 22540
20200 30400 1701 142369 564 200038| 2.541] 28045 34513] 14403] 2493
20441 29¢39] 1694 1e2372 363 s00038| 24552| 28140 34562] 14406| 25040
40000 15.00] 1486 1 142473 515 ¢00034] 24919 2%4.1 5:693] 1e512| 26848
4083 14070| 1480 . 184893} 162477 513 400034| 24930] 29445 5.776] 1e515| 26943
80400 Te50| 1292 ]13879] 184893} 142385 465 «Q0030| 34300| 3055 Fe345] 1a8602] 28447
100400 §200| 1234 [135843| 184893| 14,2637 Easd 000029| 34424 32087 104979| 1la827| 28%e2
200400 3400 1064 [1274a6| 184893| 142777 396 | «00024| 3:823| 317aT [284171| 14696 30145
300000 26400 973 [1231¢2| 184393| 1,286) 364 s00022| 40066| 3222 244429] 14731| 30767
500400 120 867 |118148] 134893 | 142967 14596 325.] «0001%| #4385| 3273 35:486] 14770| 3146
800400 o 75 T78 |1141e1| 184893| 143063 4485 295 s00017] 42896 331.3 50e034| 14801} 220s2
1000400 +60 T30 [112343) 184893| 143107 o 44A3T 28 «00016| 44249 3331 58s094F 1e815] 32246
1500400 oAD 670 [1093e3| 18.893| 143182 04357 257 200018 54139| 33640 T9:187} 14838] 32646
R = 0495y PERCENT FUEL = 424763 O/F = 14339
1400 600400 2962 [2250e6| 194291 | 24,2061 | 046028 818 | 0400060
la05 5TLe43| 2929 |2235:8] 19291 12064 28021 814 s00059| 0«285| 40246 24172 0s203 35.9
1e6C 375.,00| 2733 [211248| 1942%1| 242093 «5952 76 ¢ 00058 49Q00| 22144 010 0818 1095
178 337e47| 2684 [2083a3| 194291} le2100 +5935 767 +00055| 1s000| 2203 1¢000 «681| 12046
2200 300400 2630 }2051el] 194291)] la2l0® «5918 7 «00054] 14203 22142 14009 o743] 1817
10400 60400| 1972 [16T1e8| 1%94291| le2236 «5596 626 «00053] 24156} 26348 26222} 1la286| 22404
20000 30400| 1732 [153%9¢7| 194291 142343 +54256 574 «00039| 2e541| 27%.9 365221 1led03] 24847
20041 29439 | 1726 |1536e0! 194291 | le2346 #5421 573 «00038] 2+552| 28044 3e572] 1a407] 24%¢4
40400 15000 1516 (142349 19291 12444 05244 525 «00034| 24917| 29345 Ss714] 1e513| 268+2
40483 14o70] 1209 |1420s7 194291 142448 25239 523 400034] 24929) 293.9 50798 1e516] 26847
80400 Te50| 1319 (132248 19+291| 12564 «3048 ATT 000030| 34297 30449 96390| 1e803] 284,01
100400 6200 1942911 142604 4985 463 «00029| 3.421| 30842 122037 ls628] 28846
200400 3400 194291 ] le2742 «ATBT 418 «00025| 34817 3172 18+290| 1e498[ 201e0
300400 2000 196291] 142826 4675 392 400023] 44059] 3218 244507 1e733] 30Te2
500600 120 194291 | 1le2932 a&343 362 00021 chT:J 32649 35¢778| 1a772| 31402
800.00 «75 798 (107545 194291| 143029 4431 334 s00019] 4468 33140 50+487| o804 319.8
1000400 60 T58 |105Te6{ 19429%| 143073 «4382 322 200018] 44836; 232,47 594451 1e4818§ 32242
1500400 40 688 |1027¢4| 194291]| 13150 4300 29y 200017 54123] 335.7 |T94988] 1a840f 32662
R = 009730 PERCENT FUEL = 42,139 O/F = 14374
1s00 600000 2975 1221T7e7[ 294AT1| 102056 | De3584 823 | 0400060
1405 571e43| 2950 |2202e%9] 1%94471( 142059 «5917 sis «00059| 04285 40145 2:171| Ce202 35.3
1e60 375.00| 2TA4 |2080¢6] 194471| 202088 +5909 780 400056 4900 220.8 1s010 «810| 109e2
1478 337453 | 2695 [2051e4] 194471] 142095 '5892 T71 «00055| 14000] 21948 ls000 +630| 120e3
2000°| 300400| 2640 [201943| 194471 142104 5872 761 200054 14103} 22046 1.009 o TA3| 1314
10400 50000 1981 {164148] 1%e4T1| 142249 5558 630 +000A3| 24156] 2632 22223| 1le268| 22349
20000 30400 1741 (1510e3| 194471} 142336 «53%90 578 000039| 24342 27942 3s525| le403| 24841
20041 29439 1734 [150646] 194471] 142338 25385 577 200038 24552] 27947 3e575| 1e407| 24847
40000 1500} 1524 [139449] 19s4T1] 142436 +3211 528 a00034| 24917] 2924% 52720 1e513] 26Te8
40483 14070 | 1518 |1391s7| 198471 162439 25205 327 «00034 29342 54804 1le316] 268s1
80e00 Te50| 1327 129%s2| 19471| 142554 «5016 481 000030{ 34296| 304a3 Fah04] 1e603; 2833
100400 6400 | 1268 ([1264¢7| 19a471] 142595 «&954 486 a80029] 34420| 307e% 1140534 16629 28840
200000 3400 1096 [118 190471 242781 W AT57 A421 «00025[ 34816| 316.5 183251 14699] 30003
300200 2400} 1003 J113748] 19¢471) 11,2815 24646 395 «00023] 44057] 321.1 244660) leT34] 30648
50000 1e20 895 |108843] 194471 | 1e2922 *4514 364 s00021| 4¢37A| 32842 35.865] 1e773] 3135
800400 75 304 110478 19s4T1| 1,3019 14402 337 «00019| 44680| 33043 50e623] 1e803| 31%.1
1000400 60 763 |102%¢7| 19+471] 143063 4352 324 +00018] 44832] 332,0 59.618| 14818| 32143
1200400 40 693 99946| 19471| 13141 4270 302 «Q00LT7] 5¢118] 335.0 80+230] 1841 3256
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TABLE II. - Continued. THEORETICAL ROCKET.PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500

(d) Continued.

FOR LIQUID AMMONIA WITH LIQUJED OXYGEN

frozen composition during lsentropic expansion

NACA RM ES58A21

Combustion-chamber pressure, 600 pounds per square inch sbsolute;

Pressure | Static Tenper- | Bathal- [Holecular | Isen- Specific|Abso- |Thermal |Mach Specific Area Thrust |gpecific
ratio, Ppressure,|ature, | Py, ight, |tropic hest, lute oonduc~ |munder,|impulse, ratio, |occeffi-|imgulse,
Po/P ) T, h, M exponent, cp, |[viscos-|tivity, N Ivacs ¢ cient, T

1b/ag in.| oX calfg T cal ity, X, (]j]élno) (].'b;!loc)
ats TeIoKy | # nlzglea)
wicro- |(ca) (%K)
poises .
R = 1400+  PERCENT FUEL = 41451y O/F = 1eA0%
pelri -
1400( 600400| 2980 218847} 194638 142054 | 043939 026 | 0e00dsd
le05 B71443| 2956 |2171el| 194638 142057 «5932 821 «00Q59| 0e285] AOOsl 24171 3%a7
1e60| 375400; 2750 (20495 | 194636 | 21,2085 | <5866 784 | +00056 ¢900] 22041 1.010 108.9
1eT8] 337456 2700 |2020e5| 19¢638 | 242092 | +5848| T74 | 100055| 14000| 21940 1e000 1199
24001 3006400] 2646 |298845| 192638 | 122101 | 45829| 764 | 200054 141031 2199 14009 o743| 13140
10400 60e00; 1986 |161305| 1945638 | 142246 ] «5518| 633 | «00043] 24158] 262e3 Ze223 | Lo266) 22341
20000 30000{ 2746 [148208| 194638 | 142331 | 23352| 58X | «00Q38[ 20540 27844 34527 | 14403 24743
20841 29639 1739 |1479e2] 19638 | 142334 | «3347! 579 | «00038| 24532| 27848 3¢576 | 24407| 24729
40400 18,00{ 1528 |1368e1| 194638 | 142431 | 51751 531 | «00034| 24%17| 29149 SeT24 | 1e313[ 26647
4083 1&e70| 1522 | 136540 194638 | 142634 | #5169 530 | «00034| 2+928| 29243 58008 | 14826] 267¢2
80200 Te50| 1331 |126840] 194638 142549 | 44982| 482 | 400830| 34296| 303.3 Pa411 | 1eb03] 28246
100400 6000| 1271 |1298¢6| 194438 | 142589 «4920 463 400029 ] 34420] 30646 110064 [ 10629 28741
200400 3400 1099 [1188¢6| 19638 | 142728 | «4725| AL2 | «00025| 30315| 31546 | 180345 | 146997| 29%:4
300400 2400] 1007 |1112e4| 19638 | 142807 | +4614( 381 | 4000 40056| 320e1 | 244691 | 16734 305:6
500400 1620] 899 1106302 194638 | 12915 [ +4483| 841 | «00020| 44372} 32542 | 354916 14773 | 312453
800000 75  BOT [102247| 194638 | 143012 | «4371] 308 } «00017] A4«678[ 32943 | 504704 | 24805 318412
1000400 «60| 768 |1004e9| 194638 | 143057 | o4322] 295 | «00015[ 44830| 35141 | 594717 16819 32048
1500400 ah 696 | 9749 | 194638 | 143135 | o4240f 270 | «00015| 34116 33440 | 80374 leB42[ 32446
R = 1410+ PERCENT FUEL = 39¢22¢ O/F = 14330 .
1¢00] “600400| 2962 |2066a7| 200207 | 102057 | 045764 | 831 | 0aq0058
1405| 571443 2987 |205246| 206207 | 152060 | #5757 827 .uoogu 0e283] 3932
1e60( 375400 2732 [199542) 206207 | 142088 | #5692 789 | ¢00035] 4900| 2163
le78| 337,52| 2683 |190742] 204207 | 142096 | «45676| T79 | 4000%4| 14000] 215a.2
2000| 300,00 2629 |1876¢4| 204207 142104 | o565T| 769 | «00053]| 14103] 2161
10400 60600 1972 |151443( 200207 | 142290 | o5354] 637 | «00dd2]| 20156) 2577
20400 30400] 1783 [138841| 200207 | 142336 | #5193 584 | 400038] 24%42| 27345
20441 2939} 1727 [238446| 200207 | 142339 | +5138| 583 | +00037( 2¢552| 27349
40400 18400f IS17 [1277a5| 204207 | 142436 «5021 534 400033 24917| 2868
40483 146700 1511 (127444 200207 | 142439 | «B016] 532 | «00033( 24928| 287e2
8000 T7e50] 1321 [118049] 2064207 | 142553 | «A835] 484 | +00029| 34296| 29840
100400 6400] 1262 |115245| 204207 ) 142594 | «A7TS| 468 | +00028) 34421| 30142 | 114054 | 1e629| 28240
200400 3400{ 1081 |107204] 204207 [ 242730 | o4386( A4 | 400024 34816[ 3100 | 184323 146%99] 2940l
300400 2400 999 1103048] 206207 | 142813 | 44480 382 | 400022]| 44057 3145 | 244661 ] 10734| 30042
300400 1420 892 | 988343 204207 | 142929 | 44353 342 § (00019] 4e374| 31945 | 35.870] 1le778| 30740
800400 o75| 801 | 94443 204207 143015 | ,4265(| 310 | «0005I7] 40680 32343 [ 50+634( 14803 31245
1000400 «60] 760 | 927e2]| 200207 | 143060 | o4197| 296 | 2000]6( 44832 32542 | 594633} 140818| 31449
1500400 e40] 691 | 89842| 200207 | 143137 | LAL28]| 272 | «0Q015| 54118] 32841 | 804257 | le841] 3109
R = 14200  PERCENT FUEL = 370169 O/F = 14691
1400 600400| 2914 [196062| 204677 | 102071 | 005602! 829 | 0400056
1e05| S5TLeA3| 2090 [194646( 20677 [ 102074 | «55%94| 825 | «QQ056| 04285 3836 2e172 | 04203 34es
1460| 9375.00| 2687 1183307 204677 | 102103 | %531 ¥87 | »00033; +900| 21240 14020 s618| 10449
1478 337435] 2638 [1806¢7| 204677 | 142212 | 8514 TT7 | «000%2] 14000 21140 14000 881 11346
2000 300400] 2585 [177742| 206677 | 102119 | 3496 767 | «00051] 15103 2118 1e00% | o743 | 12642
10400 60000| 1936 (142946 204677 | 102269 [ oB5198( 634 | +00041} 24156 252¢5 26219 | 1e266| 21449
20400 30e00| 1700 |130846| 204677 | 142357 | o5039| 5B1 | +00036] 245411 26840 3¢517§ 1e403| 23842
20e4] 29¢39] 1693 [130843) 204677 | 142359 | +5034) 580 .wogs 24552] 2684 3e566 ) 14406 23847
40400 15400| 1486 |1202e6] 200677 | 142439 | 44870 531 | 2000352 24928) 28049 52702 14513] 25647
40483 144T70| 1480 [119907] 200677 | 142462 | o44865| 550 | 000032| 24929 281.8 54786 | 14815] 257+2
80400 T7430| 1293 {111062| 204677 | 142577 | 4690 483 | 400028 34299| 29149 94366 | 14602| 27240
100400 6400] 1234 |1083e¢1) 204677 | 142618 | 24632 468 | 400027] 3,423] 294.9 [ 114007 146281 27643
200#00 3400] 1066 |1006s6| 2066577 { 162755 | 44450 422 | ¢00024] 3,821 2035 | 1842311 14697| 28041
300400 2400 976 96648 206677 | 142837 24348 397 000022 | 44083| 3079 2445221 14732 | 29440
500400 1e20] 870 | 92148 200677 | 142943 | 44227] 366 | «00020] 44381 31247 |35.644] 14771| 30046
800400 «75] 781 | 88a¢3] 204677 | 143035 | o4124| 338 | .000%18] 4e690( 31646 | B0.287| 1.003] 30640
1000400 oS50F Th1 | 86840 204677 | 163082 | ¢4079] 325 | «000L7| 4¢842] 31843 | 594209 1le816] 30843
1500000 040 673 | B40eA| 200677 | 143159 | o4004] 2302 | 200016] 56130| 32142 | 794651 14839| 31241
R = 1e509 PERCERT FUEL = 326124 O/F = 24114
1600( 600400| 2759 |1698e5| 214847 142121 | 045198| 815 | 0400032
1408| 571e43| 2736 (168642 | 2148AT | 142124 | 5191 810 | «00051| 042847 36540 20175 00203| 3246
1660{ 375,00f 2540 |158%,2| 2148AT | 142155 [ «5130| #72 | 100048 4898 20045 14010 o612| 9943
1e78| 336473] 2492 |156046] 224347 | 162164 | aB3114| 762 | 200048 14000| 19946 14000| o683| 10%:3
2600| 300600] 2441 [153447| 234847 | 142173 | «5098] 752 | +00047] 14101] 20043 14009 | «THA| 1194
10400 60400 1817 |122448] 214847 | 142338 | 44800} 619 | «00037| 24156] 23844 20207 14265| 20340
20400 30400 1599 |111745] 214847 | 142430 | o4634] 566 | «00033] 24542| 2523 3eABD | 1e401| 22448
2041 29439 1583 [111446| 214847 | 142433 | 14649 565 | «000%3| 24554( 2532 345371 1e405| 225¢4
40400 15400] 1385 {1023¢8| 214847 | 142539 | o8492] 316 | 200089} 24922 26449 5e640} 1e510] 24243
40033 14470| 1379 |102143| 214847 | 142542 | 04487 514 | ¢00029] 24934 265¢2 54722 145137 24247
80400 T80 1201 | 98204] 21847 | 142660 | «6329| 488 | +00026| 34307 27340 #4236 1e599] 25645
100400 60001 1145 | 91B46| 214847 | 242703 | #4275 4535 | 00025 34433f 27729 | 10844 14624| 26045
200400 2,000 985 | 85246| 21.847 | 162840 [ +4213{ 408 | 400021 34836 285¢8 | 17.905| 14692| 27105
300400 2400] 900 | 826a8| 214847 ] 242922 | «4023] 382 | «00020| 440831 28948 | 244041 3a728] 27740
500400 1¢20] 800 | 77744 210847 | 143025 | +3918| 352 | 400018 4¢407| 294¢3 { 3A4870] 14764 28341
800s00 T3]  TLT | TAS5e0| 214847 | 13117 | 438208 328 | 000016| 4e722| 29769 | 496¢102| 14795 28840
2000400 060] 680 | 73048| 214647 | 143159 | «3789] 312 | «00013| 44878] 29944 | 574764 | 14809| 2902
1800000 o4O 616 | T0649]| 214847 | 143233 | 3723 209 | c00014] 54172] 30240 | 774590 24831] 293.7

b



P

4663

NACA RM E58A21

TABLE II. - Concluded.

(d) Concluded.

FOR LIQUID AMMONIA WITH LIQUID OXYGEN

Combustion-chember pressure, 600 pounds per square inch absolute;
frozen composition during Isentropic expansion

Preasurs | Static Texper-{ Bnthal-|Molecnlar |Isen- Bpecific|Abso- |Thermal [Mash Specifia Ares Thrust | Specific
ratio, pressure, | ature, |py, weight, |tropic beat, lute conduc- |mmter,{impulse, ratio, |coefri-| i=pulse,
PofP P, T, h, 4 wgozent,l  cp, [viscos-{tivity, Ivac, € elent, I,
1/sq o. | KX | cal/s T cal |1tY, s {J.bgénc) ﬂé&l
abs ", cal{(sec)
wicro- | (ex) (%K)
poisen
R = 24004 PERCENT FUEL = 264194 O/F = 2,818
100 600000 | 2536 (139140 23434% | 142200 | 04720 786 10400045
105 571643 | 2513 [138045] 234349 | 102204 4T3 T82 «00045 | 0s282| 338.3 24180 | 04204 3062
1e60 373400 | 2328 |1293e7 | 234349 | 1a2240 e #6351 T4M 200043 s895| 18547 1.010 «620 9240
179 335,73 | 2281 {12720} 23349 | 142250 +4633 T34 «00042 | 12000| 18448 1000 «585] 101e7
2400 30000 | 2235 [1250&A | 29434% | 142261 sh&15 T24 s00041 | 1s098| 1854 1008 aTaS| 11045
10400 60400 | 1646 98643 | 234349 | 1e2444 «h334 591 200032 | 24155| 22041 2¢188 | 14264 1877
20400 30400} 1432 89546 ] 234349 | 142545 4198 539 000028 ) 24545| 233,2 Sehdh | 14399 | 2076
204l 29439 | 1427 893s1) 284349 | 142548 w4191 537 «00028 | 24556| 23345 34492 | 1eA02] 208sl
40400 15.00 | 1242 B8165e8§ 224349 | 142659 *h052 48¢% 000028 [ 2,929| 24441 Sa546 | 16506 | 22345
40483 14,70} 1237 814a6] 224389 | 142662 W &048 A8g 400025 | 24941} 2hdoh 56625 | 1e509| 223.9
8000 Te50 | 1071 ThB+6 | 232349 | 142786 #3906 4s2 400022 | 3.320| 253.2 94042 | 14593 | 236ea
100400 64001 1020 72848 234359 | 2.2829 3860 427 400021 | 3¢449| 255.8 104600 | 1e517| 25040
200600 300 873 673al| 23349 | 142964 #9723 a3 a00018 | 3+861] 26249 1Ta426 | 1a6884 | 249.9
30000 200 790 58403 | 234349 | 143045 #3646 %% ¢0001T | 4elld| 26604 23338 { 12718 | 25449
500400 1.20 704 61147 230349 | 143144 #3558 329 400015 | 4s4aT| 270a4 334746 | 1e755 | 260a4
800200 75 629 585¢1f 234349 | 143232 « 3434 302 400014 | 20771 27346 47¢391 | 1aT04| 284e8
100C+00 50 593 573e5] 224349 | 123272 e3452 290 «00013 | 44931 2750 554682 | 10797 | 26647
150Cs00 «AQ 538 55349 2%4349 | 143341 «3378 268 00012 } 54234] 277:3 TAe630 | 14818 | 269.9
R = 3¢00s PERCENT FUEL = 194133 OQ/F = 44227
1,00 600400 2171 "}11024¢7( 254337 | 1423%0 | 0s4122 T28 [0e00037
1405 571e43 | 2151 [101644| 254337 | 142355 4115 724 400037 | 0e282] 30044 24189 | 00204 2648
1450 375400 1984 94842 | 254337 | 142398 24056 686 +00038 «891f 16446 1,011 2622 8126
1.80 333,89} 1940 93043 | 25337 | 142410 24028 676 200034 [ 14000] 16347 11000 2691 90s 4
2400 300400} 1900 91442 254337 | 1.2423 4022 667 «00033 | 14093] 16442 14007 o TA7 98,1
10400 60400 1372 70940 294337 [ 142636 «3760 537 400025 | 24154) 19440 24155 | 14263 | 14547
2Ca00 30400} 1186 63946 | 254337 | 1e2743 23641 487 000022 | 24549F 20542 30369 | 14395 | 183s1
20441 29.39 | 1181 6377 | 254337 | 142749 23638 435 000022 | 24561f 205e5 3e415 | 1a398| 18345
40400 15400 1019 57947 252337 | 222868 «3519 439 ¢00020 [ 24942} 21444 52385 | 16499 19608
40483 14470 1014 E78e1| 2%4337 | 142872 3515 438 800020 | 20954] 21447 50461 | 16502] 1971
80400 Te50 371 52845 | 254337 | 142997 23402 394 000017 | 3e344} 222,1 8a715 | 14583} 20748
10000 6400 827 51346 | 2%2337 | 143040 «3264 380 s000L7 [ 3¢4T7] 22443 104193 | 14607 21049
20000 3200 702 87241 | 2%4337 | 143174 23255 339 +00014 | 34905 230s2 164636 | 14671) 21943
30000 2400 636 45049} 224337 | 143253 «3195 315 200013 | 40168 232,1 222188 | 14703) 22844
50000 1:20 560 42720 254337 | 1,3348 3127 287 400012 | 44516] 2364 31,918 | 1738 2281
40C.00 o 75 497 40Te5| 2%a337 | 1o342¢9 #3072 262 400011 | 44856| 239,41 44062) | 1e786| 23107
100000 060 469 3991 252337 | 143458 23046 251 200010 | 54029 24042 524716 | 14778 ) 23343
1500400 40 423 38449 224837 | 143528 +3007 231 +00009 | 54342| 24241 6924858 | 1aT798} 23549
R = 44009 PERCENT FUEL = 1507¢ O/F = 354836
1.00 500000 1877 81440| 264586 | 142487 [ 043755 672 | 0e00032
1405 57143 | 1859 80Tel| 264566 | 142493 «3748 668 +00031 | 0e280| 27248 24197 | Da208 244
1450 375400 1708 T51e0| 264566 | 142543 | 23689 631 +00029 w887 14941 1e012 o524 The0
1la81 332423 | 1667 73527 | 26566 | 142557 03673 621 «00029 | 14000| 14843 1000 o895 825
2400 300400 | 1632 T23s1| 264566 | 142570 23659 613 400028 | 14088| 1487 1,007 o749 B8s9
1G+00 60400 | 1162 556e2| 24566 | 142802 43418 488 400021 | 24153| 17840 26127 | 14262] 14940
20400 30400 996 50003 264566 | 1e2921 43309 441 «0001% | 24553| 18448 34305 | 14392| 165:2
2G4AL 29429 991 498,8) 264566 | 142924 «3306 439 200019 | 24565 185.1 34350 | 14395[ 1656
40400 15,00 849 45246} 264566 | 143046 03204 395 200016 | 2,953 192.9 54252 | LeA%&| 17743
40083 l4a70 8AS5 451843) 264566 | 142050 «3201 394 00016 | 20965 19341 5325 | 14497| 17746
8000 Te50 720 41240) 264566 | 143180 3101 352 00014 | 34365 15946 Bada8 | 14576 18720
10Ce00 $200 682 4Q00e3] 264566 | 143223 43069 139 ¢00014 [ 34501 2014 Pa861 | 1598 1897
20000 3400 572 367+8| 264565 | 143358 42976 299 «00012 | 34942| 20645 154994 | 14660 19740
300400 2400 519 35162 264566 | 143432 62927 277 +00011 [ #40213| 20941 214257 | 1e691] 20047
500400 ls20 458 33246| 252566 | 123524 «2871 251 400010 [ 44576 211.9 300448 | 1e724| 20446
80C«00 75 402 31746| 254566 § 143592 «2831 228 400007 | #4930 21441 422806 | 14751 20748
120C«00 +60 379 311el| 264366 1e3618 02015 218 100008 | 5.106( 21541 49,632 | 1.762| 20%s2
1500400 ko 340 20042 | 264566 [ 143658 42793 199 400007 | 5e440| 216a7 664112 j 1eTEL| 211ea
R = 3,004 PERCENT FUEL = 124433 O/F = 7,048
1.00 600400 | 1641 6T7Te0| 270398 | 102610 | 023504 621 | 0200027
1«05 5T71leb3 | 1624 6T1e3| 2Ta398 | L2616 «3498 617 400027 | 0e279| 29140 24205
1460 375400 | 1487 &§23aT| 274298 | 142670 «3AAT 582 +00025 4883| 13Te0 1.013
181 330477 | laa9 61004 | 274398 | 142687 03424 572 «00025 | 14000 13642 14000
2400 30Ce00 | 1419 600a2| 2T4398 | 142701 «3411 564 000024 | 14084 135,5 14006
10400 60400 996 46045 274390 | 122948 s3185 446 200018 | 24152| 160+2 24103
20.00 30400 848 414e2| 274398 | 143071 «3087 A00 400016 | 24557] 16849 34252
20041 294239 [l 41229) 274398 | 143073 «3084 39% 400016 | 24568) 16942 30298
40400 1500 79 37449) 274398 | 143203 «2590 357 400014 | 24963} 17641 3o 140
4Ce83 14470 715 37348) 274398 | 143207 «2987 355 000014 | 24975] 17&a3 5e212
80400 Te50 606 34145| 270398 | 143340 02897 316 #00012 | 34382] 18240 84226
100400 6400 573 33241 274398 | 143384 02869 302 200011 | 3+522) 183,47 94585
200400 3400 480 30547| 2Te398 | 145514 «2789 266 «00010 | 34975} 18842 154468
300400 2400 431 292+3| 274398 | 143584 2749 24% 200009 | 49255f 1904 20497
500400 le20 37T 27Te3| 27e398 | 143652 #2711 221 «00008 | 44630 19249 294262
800400 «75 332 26503 2732968 | 143699 02686 200 «00007 | 44997F 194¢8 404653
1000400 060 312 | 26001 274398 | 143727 | #2677 190 | 400007 | 54180 19547 [4TeSa0
1500400 240 280 | 25144 274398 | 143741 | J2664] 178 | 400006 5.525| 19740 |[63.216
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AMMONIA AND LIQUID OXYGEN

during isentroplc expansion

TABIE ITI. - THERMODYNAMIC DERIVATIVES AT ASSIGNED FRESSURE RATIOS FOR LIQUID
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(a) Chamber pressure, 300 pounds per square inch absolute; equilibrium composition
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THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR LIQUID AMMOKIA AND LIQUID OXYGEN

- Continued.

TABLE III.

Chamber pressure, 300 pounds per square inch absolute; equilibrium

{2) Continued.

composition during isentropic expansion
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TABIE III. - Contlnued.

LIQUID AMMONIA AND qu OXYGER

Chamber pressure, 300 pounds per sqguare inch absolute; equilibrium

(a) Continued.

4663

composition during lsentroplc expansion
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TEERMODYNAMIC DIERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR

TABLE III. - Continued.

LIQUID AMMONIA AND LIQUID OXYGEN

[

Chamber pressure, 300 pounds per sduare inch absolute; equilibrium

{a) Concluded.

composition during isentrople expangion
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THERMODYNAMIC DERIVATIVES AT ASSIONED PRESSURE

composition during isentropic expansion

RATIOS FOR LIQUID AMMONIA ANP LIQUID OXYGEN

Temper-
5%

ature,

) -
Seob 000 000000 00006 o0| |lboo coovoo Coove OOl |0CO COQOOO 00000 OO| |NMAEN NEEERN GEERE ©§
1952 loocc ccooco oococe oc| |[coce ocococo cooocec ool |coo cooooo ocoocoo o0l [ooo coOoocoo vooccc OO
ke cooc ocooccc ooooo ool |ceo ocococoo ccooo co| |oce ocococococo coooo oo |ooo Ccooooo cococ oo
ewm T e e tesres weees e T er s s sess wemew el RNTONIRSST RN NS e s e es e swaas s
ofg ) o [ o
| .
8 8 HNO MNAEWR HOVRO Wi~ M TG MO YO OUN Ot-NERW NVOYo DO NNO VEMOWVE ANDHO M~
o8 32 e e v eaeae e Pee aaieen sesaa own R T Y
i «|cow vmmorrt OtM0e oo [kt VOVHEM EVONS Ay INRE CHAOOE VOdNAH NE[ NE0 OANCOT DOVRE O
g al’ |@|ewo FeROOW QEMMM ST (OFON OHMdNRY YNGLO LE{LINON ONRYYO CHOOR OO0 |p|NON H¥TOCH t+0mO0O Ow
28 4 |9 " oredRn Qe o T " O HOQAEER NN CE D] e EPONNN AROCN O[O W CNOMRE NREMN Ao
[ o v
o <
s .lcoo occoocoo onooco col.Jdopc caccec ocooo Goll.ioo wWaemMM Mewan wal mop vegame loamveo oo
tm 000 vopooe opopk ool lona Looocoo O0BDOO 8O ﬁooo 00O DOoDOD ool|oDD OdHrArd HEAE® oW
g ° oooo “coooco 0o000o oo |d|oco cooooo oodoo o0o|ojcvo cooooo Qoo 0o|3|oco ©O0OKO0 OOOOO CO
L5 .|6cc cooooco ©ocooce co|,.lcoo0 ©co0006 00000 00| |ooco CcooooOo 0co0co 0Of |[COC CO0OOC QOOOO QO
nn b A AR A A A A K e A B I N Y R i A
83 MG @l Alo "o
. 3 3 b . )
[+] wnY oMM MrvCo O UMY CERYYe HLKNSW VO MO~ COMEHING TEMoil 0o M@ WVrRSCHatn ONmYn Wi
4 Sluao vommoe vovor 00| ijedo ardvone adrow ool Moo MELAVS MAKHR VO] HOHO EHVEHNO RAOOD Gw
m 2 |NOO0 COHDOY OHNMCOH «H® |00 ONNONO MHMOWVN NEO|g|HOO HNNRNY NI~ 1Bﬂ HOO wWHYTENO MO~ o
b m I v e e s e e e ..N PR v e e s e R ..m . s v ovee e PN ..m o o PR S s o4 a e .
n © Nrivl QMMYTE OTTEO M~ Rrd @PPMVOOD CVNOCDO® O Qeed NMNMNVINO CVYFOoONR OV Vel NNV O ORNRY N
i © He@n ¢ g Hoan wol|d rRne n0le "Ny s
o ] [
& g g 3
|4
LRI Y[ooo occoco ©00co O |Elder rrdrde s Se]Sldve MFERYYD OCONS SN[O]TN0 YDONNS WEerO Co
wmt 000 cooococ coccce c¢|®looce cocooo 00000 0ol reu mAWdEH dHAreue Awn | Von cvort~ ~Dooo oo
2wt S|oco occoco cccoc cclslcco cccooe ococc ccolgfcco cococco coeoo cclaloos goocoo cooco So
mrmW 21000 000000 06000 6O |3|0600 00000S 00O0GO 60|3|000 ©000o0D coooo 00|R|ooc 020000 ©0oOOOC ©O
N.w 2 P T g I 4 I A L A F s er s s e e
. © = ©lo
o o = o
wox Gurocwe wokde vO| rr wrveve TCeme O¢| T loon LS wOovw ovane wolflem THROBR oXnwn Ow

Neiw vy Nertei ©D DY rOVOYY OOWMOH o Tt VYo cwY ar~OMN €O e OO MY VO
M CCNNY TR @ ¢ coonE COATFEM MmN M0 & Fied0o®@ CCNY e9 TR CMRNNMC @00 N0
el - - N e QR ~wmeredn

(b} Chamber pressure, 300 pounds per square inch absolute; frozen

TABLE IIX. - Continued.
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THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE

- Continued.

TABLE III.

RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN

s

Chamber pressure, 300 pounds per square inch absolute;

frozen composition during isentroplc expansion

(b} Continued.
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THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE

Chamber pressure, 300 pounds per square inch absolute;

frozen composition during isentropic expansion

RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN

- Contlnued.

TABLE III.
(b} Continued.
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THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE

RATIOS FOR LIQUID AMMONIA AXD LIQUID OXYGEN

- Continued.

TABLE III.

Chamber pressure, 300 pounds per square inch absolute;

frozen composition during isentropie expansion

{b) Qoncluded.
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THEERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR

LIQUID AMMONIA AND LIQUID OXYGEN

R, 0.40; percent fuel, 65.95; O/F, 0.564

during isentroplc expansion
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R, 0.50; percent fuel, S8.87; O/F, 0.705

R, 0.80; percent fuel, 54.18; O/F, 0.845
R, 0.70; percent fuel, 50.34; O/F, 0.988

TABIE III. - Continued.
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(¢) Chamber pressure, 600 pounds per square inch absolute

48



47

NACA RM ES58A21

THERMOTYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR

TABLE III. - Continued.

LTQUID AMMONTA AND LIQUID OXYGEN

Chamber pressure, 600 pounds per square inch absolute; equilibrium

(c) Continued.

composition during lsentroplc expansion
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NACA RM E58A21

THERMODYNAMIC IERIVATIVES AT ASSIGNED FRESSURE RATIOS FOR

LIQUID AMMONIA AND LIQUID OXYGEN

Chamber pressure, 600 pounds per.square inch absolute; equilibrium
composltion during isentroplc expansion

TABIE III. - Continued.
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(c) Continued.
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THERMODYNAMIC IERTVATIVES AT ABSIGNED PRESSURE RATIOS FOR

TABLE III. - Continmed.

LIQUID AMMONTA AND LIQUID OZIGEN

Chamber pressure, 600 pounds per square inch absolute; equllibrium

{c) Concluded.

compositlon during isentropic expansion
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THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE

RATTOS FOR LIQUID AMMONIA AND LIQUID OXYGEN

- Continued.

NACA RM ESBAZL
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THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE

TABLE III. - Concluded.

RATIOS FCR LIQUID AMMONIA AND LIQUID OXYGEN

Chamber pressure, 600 pounds per square inch absolute;

frozen composition during isentrople expansion

(4) Concluded.
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TABLE IV. - EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES
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EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED
Chamber pressure, 300 pounds per square inch absolute

PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN
[Isentroplc expansion from chamber conditlons.]
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EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED

- Continued.

TABLE IV.

PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN

1

[Isentrople expansion from chamber conditions.]
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EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED

[Isentropic expansion from chamber conditions.]

PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN

(b) Chamber pressure, 600 pounds per square inch absolute

Continued.
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EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED

- Continued.

TABLE IV.

PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN
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Continued.

EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED

TABLE IV.

PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN

[(Isentroplc expansion from champep conditions. ]

600 pounds per square inch absolute

Chamber pressure,

(b) Continued.
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EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED

- Concluded.

TABLE IV.

PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN

[Isentropic expansion from chamber conditions.]
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TABLE V. - SUMMARY OF COMBUSTION PARAMETERS, CHARACTERISTIC VELOCITY, AND PERFORMANCE FOR

EXPANSION TO SEA LEVEL FOR LIQUID

AMMONTA WITH LIQUID OXYGEN

Equiv-| PFuel, | Oxidant-]Combus-|Exit Charac~- Charac-~ |Entropy,)Area |GCoeffi-]|Specific
alence|percent| to-fuel |(tion temper-| teristliec |teristlc- ’ ratlio,|clent |lmpuiae,
ratio, |by welght |temper-|ature, |veloclty,|veloclty cal £ of I
R welght |ratio, |ature, Tos c¥®, exponent, | (g}(°K) thrust,| (1b taec
2(0)/u o/ Tes on £t /acc 0y Cp i_%b_‘)'
%
Chamber pressure, 300 pounds per square inch absolute; equilibrium composition
0.40 | 65.95 | 0.564 1349 643 4509 0.0000 3.5155 [3.133 | 1.384 193.9
.50 { 58.87 .705 1784 906 5018 .0000 3.4925 |3,261 | 1.390 216.8
.60 | 54.19 845 2169 1164 5358 .0000 5.4355 {3,376 | 1.396 232.5
.70 | 50.34 .986 2494 1412 5695 . 0003 3.3653 |3.478 | 1.401 243.6
.80 | 47.01 | 1,127 2734 1654 5744 .0023 3.2910 |3,594 | 1.407 251.2
.90 | 44.09 | 1.268 2877 1893 5799 .0057 5.2170 |3.757 | 1.418 255.5
-95 | 42.76 | 1.339 2813 2008 5790 .0070 3.1809 |3.863 | 1.424 256.3
1.00 | 41.51 § 1.409 2928 2083 5759 .0075 3.1454 13.945 | 1.428 255.6
1.10 | 39.22 | 1.550 2913 2023 5656 .0067 3.0773 |3.892 | 1.425 250.5
1.20 | 37.16 | 1.891 2871 1962 5542 .0058 53,0134 |3.861 | 1.423 245.1
1.50 | 32.12 | 2.114 2728 1798 5238 0044 2.8478 |3.786 | 1.419 231.0
2.00 | 28.19 | 2.818 2515 1568 4840 Neloil:] 2.6410 |3.663 | 1.412 212.4
3.00 | 19.13 | 4.227 2183 1231 4261 .0008 2,3763 |3.476 | 1.401 185.5
4.00 [ 15.07 | 5.636 1875 1007 3837 .0001 2.2111 |3.368 | 1.395 166.4
5.00 | 12.43 | 7.048 1640 848 "~ 3510 " .Q000 2,0954 [3.301 | 1.392 151.9
Chamber pressure, 300 pounds per square inch absolute; frozen composltion
0.40 | 63,95 | 0.584 1349 643 4509 0,0000 3.5155 13.133 | 1.384 193.9
.50 | 58.87 .705 1764 906 5015 . 0003 3.4925 |3.261 | 1.390 216.8
.60 | 54.19 .845 2169 1160 5351 .0005 3.4355 |3.373 | 1.396 232.2
.70 | 50.34 .9868 2494 1385 5584 .0023 3.3653 |3.460 | 1.401 242.3
.80 | 47.01 | 1.127 2734 1557 5669 .0056 3.2910 (3.519 | 1.404 247.4
.00 | 44.09 | 1.268 2877 1662 5685 .0088 3.2170 |3.555 | 1.406 248.4
.95 | 42.78 | 1.339 2913 1689 5665 0096 3.1809 |5.56) | 1.406 247.6
1.00 | 41.51 | 1.409 2928 1700 5631 0100 3.1454 (3.565 | 1.406 246.1
1.10 | 39.22 | 1.580 2913 1691 5536 .0094 3.0773 13.564 | 1.406 24]1.9
1.20 | 37.16 | 1.691 2871 1662 5429 .0085 3.0134 (3.557 | 1.406 237.2
1.50 | 32.12 | 2.114 2728 1561 5138 .0067 2.8478 [3.550 | 1.404 224.3
2,00 26,19 | 2.818 2515 1413 4759 .0048 2.6410 |3.487 | 1.402 207.4
3,00 | 19,13 | 4.227 2163 1175 4215 0024 2.3763 |3.413 | 1.398 183.2
4.00 | 15.07 | 5.636 1875 989 3816 .0011 2.2111 |3.349 | 1.395 165.5
5,00 | 12,43 | 7.048 1640 844 3502 .0004 2.0954 [3.295 ]| 1.392 151.8
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TABLE V. - Concluded.
PERFORMANCE FOR EXPANSION TO SEA LEVEL FOR LIQUID AMMONIA WITH LIQUID OXYGEN

4663

SUMMARY OF COMBUSTION PARAMETER3, CHARACTERISTIC VELOCITY, AND

Equiv-| Fuel, |Oxidant-|Combus-|Exit Charec- |[Charac- |Eunbropy,|Area |Coeffi-|Specific
alence|percent|to-fuel (tion |temper-|terimtic |teristio- e, ratio,|elent |impulae,
ratio,|by welght (temper~|ature, |yeloecity,|velocity cal 3 of I
R welght |ratio, ature, Te, o%* R exponent, g thruat,| {1b)(sec
2(05/H Tos ft/sea Ny * i“léﬁ—‘l
oK
Chamher pressure, 600 pounds per square inch absclute; equilibrium eomposition
.40 63.95 0.564 1349 535 4509 0.0000 3.4121 | 4,888 1.478 207.1
.50 58.67 . 705 1784 764 5016 .C000 5.39768 |5.134 1.489 232.1
.60 54.19 .B45 2171 293 5358 .0000 3.3478 |5.369 1.498 249.5
.70 50,34 . 986 2503 1219 8586 0002 3.2836 |5.580 1,507 262.0
.80 47.01 1.127 2760 1441 5752 0017 3.2142 |5.7956 1.518 270.9
.90 44.09 1.288 2922 1863 5820 .0049 3.1440 |6.071 1.530 276.7
.95 42.76 1.339 2963 1778 5817 .0083 3.1093 |6.262 1.539 278.3
.975 42.13 1.374 2975 1836 5806 .0068 3.0921 [6.379 1,544 278.7
1.00 41.51 1.409 2980 1882 5788 , 0069 3.0751 |6.484 1.547 278.3
1,10 39.22 1.550 2962 1813 5681 .0080 3.0089 |8.369 1.542 272.3
1.20 37.16 1.891 2914 1782 5563 .0052 2.9466 |6.312 1.540 266.2
1.50 32.12 2.114 2759 1591 5253 .0039 2.7847 |6.1668 1.533 250.3
2.00 26.19 2.818 2536 1389 4849 .0024 2,5820 |5,908 1.522 229.5
3.00 19.13 4.227 2171 1059 4263 .0007 2,3219 |b5.558 1.508 199.8
4.00 15.07 5.636 1877 0859 3837 .0001 2.1593 |5.354 1.497 178.8
5.00 12.43 7.046 1.641 720 351C .0000 2.0451 |5.220 1.492 162.8
Chamber pressure, 600 pounds per aquare 1lnoh absolute; frozen composition
0.40 63.95 | 0.564 1349 535 4509 0.0000 | 3.4121 |4.888 | 1.478 207.1
.50 58,67 .705 1784 764 5018 .0003 3.3978 |5.154 1.489 232.1
.60 54.19 .845 2171 991 53583 .0008 3.3478 |5.366 1.499 249.3
.70 50.34 .988 2503 1201 5573 0023 3.2836 |5.556 1.5068 260.8
.80 47.01 1.127 2760 1370 5691 ,00586 3.2142 |5,693 1.512 267 .4
.20 44,09 1.268 2922 1480 5719 .00ae 3.1440 {5.778 1.515 269.3
1] 42.76 1.339 2983 1509 5703 .0096 3.1093 {5.798 1.518 268.7
.975 42.13 1.374 2975 1518 5889 ,0099 3.,0921 |5.804 1.518 268.1
1.00 41.51 1.409 2980 1522 5670 01,00 3.0751 [5.808 1.518 267.2
1.10 39.22 1.550 2962 1511 5572 .0094 3.0089 |5.804 1.518 £262.6
1.20 37.18 1.891 2914 1480 5461 0085 2.9486 |5.786 1.515 257.2
1.560 32.12 | 2,114 2759 1379 5162 .0067 2.7847 |5.722 1.513 242.7
2.00 26.19 2.818 2536 1237 4775 .0048 2.5820 |5.826 1.509 223.9
3,00 19.13 | 4.227 2171 1014 4222 .0024 2.3219 |5.461 1.502 197.1
4,00 15.07 5.638 1877 845 3819 .0011 2,1593 [5.325 1.497 177.8
5.00 12.43 | 7.046 1641 715 3503 .0004 | 2.0451 |5.212 | 1.492 162.4
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Figure 1. - Continued, Theoretical specific impulse of liguid exmcois and, liquid oxygen. Isentrople expansion
to pragsurs ratic indicated.
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Isentroplo expansion
to preesure ratlo indicated.

Figre 1, - Concluded. Theoretical specifie impules of lquid pEmonia and liquid oxygen.
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Figure 2. - Theoretlcal combustion-chamber temperature and nozzle-exit temperature of liquid - .

ammonla and liquid oxygen. Isentropic expansion to pressure ratio indicated.
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Figure 2. - Continued. Theoretical combustion-chamber temperature and nozzle-exit temperature
of liquid ammonia and liquid oxygen. ZIsentropic expansion to pressure ratioc indicated.
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igure 2. - Continued. Theoretical combustion-chember temperature and nozzle-exit temperature
of liquid ammonia and liquid oxygen. Isentroplc expansion to pressure ratic indicated.
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Figure 2. - Concluded. Theoretical combustion-chamber temperature and nozzle-exit temperature
of liquid ammonia and liquid oxygen. Isentropic expansion to pressure ratio indicated.
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